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TITLE OF THE INVENTION 

SUBSTITUTED ARYL PYRROLES, COMPOSITIONS CONTAINING 
SUCH COMPOUNDS AND METHODS OF USE - - 

5 BACKGROUND OF THE INVENTION 

The present invention addresses 2. 5-substituted aryl 
pyrroles, as well as compositions containing such compounds and 
methods of treatment. Cytokine mediated diseases refers to diseases or 
conditions in which excessive or unregulated production of one or more 

10 cytokines occurs. Interleukin- 1 (IL-1), Interleukin-6 (IL-6), Interleukin- 
8 (IL-8) and Tumor Necrosis Factor (TNI^ are cytokines which are 
involved in immunoregulation and other physiological conditions, such 
as inflanunation. IL-1, IL-6, IL-8 and TNF effect a wide variety of cells 
and tissues and these cytokines, as well as other leukocyte-derived 

15 cytokines, are important and critical inflanmiatory mediators of a wide 
variety of disease states and conditions. 

Interleukin-1 (IL-1) has been demonstrated to mediate 
a variety of biological activities thought to be important in immuno- 
regulation and other physiological conditions. [See, e.g., Dinarello et al., 

20 Rev. Infect. Disease, 6, 51 (1984)]. The myriad of known biological 
activities of IL-i include the activation of T helper cells, induction of 
fever, stimulation of prostaglandin or coUagenase production, neutrophil 
chemotaxis, induction of acute phase proteins arid the suppression of 
plasma iron levels. 

25 There are many disease states in which IL-1 is implicated. 

Included among these diseases are rheumatoid arthritis, osteoarthritis, 
endotoxemia, toxic shock syndrome, other acute or chronic inflammatory 
diseases, such as the inflammatory reaction induced by endotoxin or 
inflammatory bowel disease; tuberculosis, atherosclerosis, muscle 

30 degeneration, cachexia, psoriatic arthritis, Reiter's syndrome, rheumatoid 
arthritis, gout, traumatic arthritis, mbella arthritis and acute synovitis. 
Recent evidence also links IL-1 activity to diabetes and pancreatic P 
cells. 
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Excessive or unregulated TNF production has been 
implicated in mediating or exacerbating rheumatoid arthritis, rheumatoid 
spondylitis, osteoarthritis, gouty arthritis, and other arthritic conditions; 
sepsis, septic shock, endotoxic shock, gram negative sepsis, toxic shock 
5 syndrome, adult respiratory distress syndrome, cerebral malaria, chronic 
pulmonary inflammatory disease, silicosis^ pulmonary jsarcosis, hone 
resorption diseases, reperfusion injury, graft v. host rejection, allograft 
rejections, fever and myalgias, due to infection, such as influenza, 
cachexia secondary to infection or malignancy, cachexia secondary to 
10 acquired immune deficiency syndrome (AIDS), AIDS related complex 
(ARC), keloid formation, scar tissue formation, Crohn's disease, 
ulcerative colitis and pyresis. 

Monokines, such as TNF, have been shown to activate HIV 
replication in monocytes and/or macrophages [See Poli, et aL, Proc. Natl. 
1 5 Acad. Sci., 87:782-784 ( 1 990)], therefore, inhibition of monokine 
production or activity aids in limiting HTV progression as stated above 
for T-cells. TNF has also been implicated in various roles with other 
viral infections, such as the cytomegalia virus (CMV), influenza virus, 
and the herpes virus for similar reasons as those noted. 
20 IL-6 is a cytokine effecting the immune system, hematopoiesis and 

acute phase reactions. It is produced b^ several mammalian cell types in 
response to agents such as IL-1 and is correlated with disease states such 
as angiofollicular lymphoid hyperplasia. 

hiterieukin-8 (IL-8) is a chemotactic factor first identified 
25 and characterized in 1987. Many different names have been applied 
to IL-8, such as neutrophil attractant/activation protein- 1 (NAP-1), 
monocyte derived neutrophil chemotactic factor (MDNCH, neutrophil 
activating factor (NAF), and T-cell lymphocyte chemotactic factor. Like 
IL-I, IL-8 is produced by several cell types, including mononuclear cells, 
30 fibroblasts, endothelial cells and ketainocytes. Its production is induced 
by IL-1 , TNF and by lipopolysaccharide (LPS). IL-8 stimulates a 
number of cellular functions in vitro. It is a chemoattractant for neutro- 
phils. T-lymphocytes and basophils. It induces histamine release from 
basophils. It causes lysozomal enzyme release and respiratory burst from 
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neutrophils, and it has been shown to increase the surface expression of 
Mac-1 (CDl lb/CD 18) on neutrophils without de novo protein synthesis. 
There remains a need for treatment, in this field, for compounds which 
are cytokine suppressive anti-inflammatory drugs, i.e., compounds which 
5 are capable of inhibiting cytokines such as Eb-l, IL-6, EL-S and TNF. 

SUMMARY OF THE INVENTION 

The present invention is directed to a compound represented 
by formula I: 




represent a 5-10 membered aryl or heteroaryl group; 

a and b represents integers, 0, 1 , 2 or 3, such that the sum of a plus b is 1 , 
20 2, 3 or 4; 
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represents a heteroaryl group containing from 5 to 10 
atoms M of which are heteroatoms, 0-3 of which heteroatoms are N and 
0-1 of which are O or S. said heteroaryl group being unsubstituted or 
substituted with 1 -3 Ra groups; 



each Ra independently represents a member selected from 
the group consistmg of: halo; CN, NO2, R21 0R23 sr23 QrmR21 
^2R21. NR20R23 NR20COR21 m20cO2R2K r^RlOcSllS 
NR20SO2R21, NR20c(NR20)nhr23, c02R23 CONfR20R23 
10 SO2NR20r23, SO2NR20cor21, SO2NR20coNR20r23 
SO2NR20cO2R21, OCONR20r23, OCONR20sC5r20 ' 

C(0)OCH20C(0)R20, c(NR20)nr20r23, C(O)NR20s62R21 and 
tetrazol-5-yl; 



R ' is selected from the group consisting of; H, Ci-15 alkyl 
C3-15 alkenyl, C3-15 alkynyl, aryl and heterocyclyl, said alkyl, alkenyl * 
alkynyl, aryl and heterocyclyl being optionally substituted with from one 
to three members selected from the group consisting of: aryl, heteroaryl 
heterocyclyl, OR20. SR20, N(R20)2, S(0)R21. SO2R21, SO%20R2r' 
20 SO2NR20COR21.SO2NR20CONR20R23.NR20COR21 NR20co.R2i 
NR20CONR20R23, NCR20)C(NR20)NHR20, CO2R2O doN(R20); ' 
CONR20SO2R2I, NR20SO2R21, SO2NR2OCO2R2 1 . 6cONR20r23 
OCONR20SO2R21, C(O)OCH2OC(O)R20 and OCONR20R23; ' 

noi ^ IS selected from the group consisting of: CN, S(0)R21 
S02R21. SO2N(R20)2. SO2NR20COR21, S02NR20CON(R2J)2 COR2o' 
CO2R20,CONR20R23.cONR20sO2R21andSO2NR20cO2R2l'; ' 

30 of. H r 7P^s^"ts a member selected from the group consisting 

30 of. H, Ci.,5 alkyl, C3.15 alkenyl, Cj-is alkynyl. heterocyclyl, aryl and 
heteroaryl. said alkyl, alkenyl and alkynyl being optionally substituted 
with 1-3 groups selected from halo, aryl and heteroaryl; 
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R21 represents a member selected from the group consisting 
of: Cms alkyl, C3.15 alkenyl, C3.15 alkynyl, heterocyclyl, aryl and 
heteroaryl, said alkyl, alkenyl and alkynyl being optionally interrupted 
by 1-2 heteroatoms selected from O, S, S(0), SO2 and NR20, said alkyl, 
5 alkenyl, alkynyl, heterocyclyl, aryl and heteroaryl being optionally 
substituted with from 1-3 of halo, hetenDcyclyl, aryl, heteroaryl, CN, 
OR20, C(0)R20, O((CH2)nO)mR20, NR20((CH2)nO)niR20 wherein n 
represents an integer of from 2 to 4, and m represents an integer of from 1 
to 3; SR20, N(R20)2, S(0)R22, SO2R22, S02N(R20)2, S02NR20COR22, 
10 S02NR20CON(R20)2, NR20COR22, NR20cO2R22, NR20cONCR20)2, 
NR22c(NR22)NHR22, CO2R2O, CON(R20)2, CONR20S02R22, 
NR20SO2R22, SO2NR2OCO2R22, OCONR20SO2R22 OC(0)R20, 
C(0)OCH20C(0)R20 , OC(O)NR20r23 and OGON(R20)2; 

15 R22 is selected from the group consisting of:- Ci- 15 alkyl, 

C3-15 alkenyl, C3.15 alkynyl, heterocyclyl, aryl and heteroaryl, said alkyl, 
alkenyl, and alkynyl being optionally substituted with 1-3 halo, aryl or 
heteroaryl groups; 

20 R23isR21orH; 

r24 is selected from COR22, C02R22, CON(R20)2. 
S02R22 and r23; 

25 and in a functional group when two R20 groups are present, 

when R20 and R2 1 are present, or when R20 and R23 are present, said 
two R20 groups, R20 and R21 or said R20 and R23 may be taken in 
combination with the atoms to which they are attached and any inter- 
vening atoms and represent heterocyclyl containing from 5-10 atoms, 

30 at least one atom of which is a heteroatom selected from O, S or N, 
said heterocyclyl optionally containing 1-3 additional N atoms and 
0- 1 additional O or S atom. 
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Also included in the invention is a phannaceutical 
composuion which is comprised of a compound of fZl t 
combmation ..th a phannaceutically acceptable ca^eT 

5 cytokine med^'d di^^^^^^^^^ ^ -thod of t^ating a 

mammalian P^^^U^LoLu^^ ^""^^^^^^ ^ 

defined below^uLrsre"n::st^^^^^ "^"^ 

carbon) derivIS^raU^l^^^^^^ ^"^^ 
otherwise defined hn,, . '•''15 caibon atoms unless 

cyclohexyl. '^'"''"^J'' S^PS "iclude cyclopentyl and 

» benched 0, c!^LTw *^ » » 
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The term "alkenyl" refers to a hydrocarbon radical straight, 
branched or cyclic containing from 2 to 15 carbon atoms and at least one 
carbon to carbon double bond. Preferably one carbon to carbon double 
bond is present, and up to four non-aromatic (non-resonating) carbon- 
5 carbon double bonds may be present. Prefemd alkenyl groups include 
ethenyl, propenyl, butenyl and cyclohexenyl. As described above with 
respect to aikyl, the straight, branched or cychc portion of the alkenyl 
group may contain double bonds and may be substituted when a 
substituted alkenyl group is provided. 

10 The term "alkynyl" refers to a hydrocarbon radical straight, 

branched or cyclic, containing from 2 to 15 carbon atoms and at least one 
carbon to carbon triple bond. Up to three carbon-carbon triple bonds may 
be present. Preferred alkynyl groups include ethynyl, propynyl and 
butynyl. As described above with respect to alkyl, the straight, branched 

15 or cyclic portion of the alkynyl group may contain triple bonds^^^and ihay 
be substituted when a substituted alkynyl group is provided. 

Aryl refers to aromatic rings e.g., phenyl, substituted phenyl 
and like groups as well as rings which are fused, e.g., naphthyl arid the 
like. Aryl thus contains at least one ring having at least 6 atbnis, with up 

20 to two such rings being present, containing up to 10 atoms therein, with 
alternating (resonating) double bonds between adjacent carbon atoms. 
The preferred aryl groups are phenyl and naphthyl. Aryl groups may 
likewise be substituted as defined below. Preferred substituted aryls 
include phenyl and naphthyl substituted with one or two groups. 

25 The term "heteroaryF* refers to a monocyclic aromatic 

hydrocarbon group having 5 or 6 ring atoms, or a bicycHc aromatic group 
having 8 to 10 atoms, containing at least one heteroatom, O, S or N, in 
which a carbon or nitrogen atom is the point of attachment, and in which 
one additional caibon atom is optionally replaced by a heteroatom 

30 selected from O or S, and in which from 1 to 3 additional carbon atoms 
are optionally replaced by nitrogen heteroatoms. The heteroaryl group is 
optionally substituted with up to three groups. 

Heteroaryl thus includes aromatic and partially aromatic 
groups which contain one or more heteroatoms. Examples of this type 
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20 



are thiophene, purine, imidazopyridine, pyridine, oxazole, thiazole, 
oxazine, pyrazole, tetrazole, imidazole, pyridine, pyrimidine and pyrazine 
and triazine. 




The group represents a 5-10 memberedaryl 

5 group. The preferred aryl group is selected from phenyl and naphthy! 

@ 

The group represents a 5- 1 0 membered nryl or 

heteroaryl group. Preferred are phenyl, naphthyl, pyridyl, pyrimidinyl. 
thiophenyl, ftiranyl, imidazolyl, thiazolyl, isothiazolyl, oxazolyl and 
isoxazoJyl. 



M (V) 

and are substimted with 1 - 3 groups 

selected from Ra , 

The group represents a heteroaryl group which 
contains from 5 to 10 atoms. One to three atoms are heteroatoms which 
are selected from O. S and N. In addition, there may be up to two 
1 5 additional nitrogen atoms, and 0- 1 additional O or S. The heteroaiyl 
group may be unsubstituted or substituted with 1 -3 Ra groups. HAr is 
carbon linked except where it is a purinyl. imidazolyl or imidazopyridine 
in which case it may be attached via a nitrogen or carbon atom. 

Preferred heteroatyl groups represented by are as 
follows: pyridyl, quinolyl, purinyl, imidazolyl, imidazopyridine and 
pyrimidinyl. 

The terms "heterocycloalkyl" and "heterocyclyl" refer to a 
cycloalkyl group (nonaromatic) in which one of the carbon atoms in the 
nng is replaced by a heteroatom selected from O, S, SO, SO2 or N, and 
25 in which up to three additional carbon atoms may be replaced by said 
heteroatoms. Heterocyclyl may also be intermpted by or contain one or 
two carbonyl groups. 
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The heterocyclyl is carbon or nitrogen linked, if said 
heterocyclyl is carbon linked and contains a liitrbgeh, then nitrogen 
may be substituted by r24. Examples of heterocycly Is are piperidinyi, 
morpholinyl, pyrrolidinyl, tetrahydrofiiranyl, tetrahydroimidazo[4,5- 
5 c]pyridine, imidazolinyl, piperazinyl, pyrolidin-2-ohe, piperidin-2-one 
and the like. 

The term "TNF mediated disease or disease state" refer to 
any and all disease states in which TNF plays a role, either by production 
of TNF itself, or by TNF causing another monokine to be released, such 

10 as but not limited to IL-1 or IL-6. A disease state in which IL-1 , for 
instance is a major component, and whose production or action, is 
exacerbated or secreted in response to TNF, would therefore be 
considered a disease state mediated by TNF. 

The term "cytokine" as used herein is meant any secreted 

15 polypeptide that affects the functions of cells and is a molecule which 
modulates interactions between ceils in the inmiime, inflammatory or 
hematopoietic response. A cytokine includes, but is not limited to, 
monokines and lymphokines regardless of which cells produce them. 
Examples of cytokines include, but are not limited to, Interleukin- 1 

20 (IL- 1 ), Interleukin-6 (IL-6), Tumor Necrosis Factor-alpha (TNF-a) 
and Tumor Necrosis Factor-beta (TNF-p). 

By the term "cytokine interfering or cytokine suppressive 
amount" is mean an effective amount of a compound of formula I which 
will, cause a decrease iii the in vivo levels of the cytokine to normal or 

25 sub-normal levels, when given to the patient for the prophylaxis or 
therapeutic treatment of a disease state which is exacerbated by, or 
caused by, excessive or unregulated cytokine production. 

The compounds of the present invention may contain one or 
more asymmetric carbon atoms and may exist in racemic and optically 

30 active forms. All of these compounds are contemplated to be within the 
scope of the present invention. 

One subset of compounds of the invention includes 
compounds of formula I wherein Ar^ represents phenyl or naphthyl, 
and Ar2 is independently selected from: 
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a) phenyl, 

b) pyridyl, 

c) pyrimidinyl, 

d) thiophenyl, 
5 e) furanyl, 

f) imidazolyK 

g) thiazolyl, 

h) isothiazolyl, 

i) oxazolyl, 

10 j) isoxazolyl and 

k) napthyL 

Within this subset of compounds, all other variables are as previously 
defined with respect to formula L 

Another subset of compounds of die invention includes 

15 compounds of foraiula I wherein — ^ is selected from the group 
consisting of: 

a) pyridyl, 

b) quinolyl, 

c) purinyl, 
20 d) imidazolyl, 

e) imidazopyridine and 
0 pyrimidinyl. 

Within this subset of compounds, all other variables are as originally 
defined with respect to formula L 
25 Another subset of compounds of fomiula I includes 

compounds wherein represents hydrogen. Within this subset of 
compounds, all otiier variables are as originally defined with respect 
to formula I. 

Another subset of compounds of formula I includes 
30 compounds wherein Rl represents Cms alkyl, unsubstituted or 
substituted, as originally defined. Within this subset of compounds, 
all other variables are as originally defined with respect to formula I. 
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Another subset of compounds of formula I includes 
^ compounds wherein R2 represents a member sielected from the group 
consisting of: : . 

- . a) CN; 

5 - b) C(0)Ci.6 alkyl; >:n-^x^^i-i^^,^cH^^r'-- ■ ■ 

c) C(0)C|.6alkylphenyl; 

d) CO2H; 

e) CO2C 1.6 alkyl 

0 C02Ci-6alkylphenyI; 
10 g) CONH2; 

h) CONHC 1-6 alkyl; 

i) C(0)N(Ci.6alkyl)2; 
j) SO2NH2; 

k) SO2NHC1.6 alkyl and 
15 1) S02N(Ci.6alkyl)2. . 

Within this subset of compounds, all other variables are as originally 
defined with respect to formula L 

Preferred compounds of fomiula I are reaHzed when: 
Ar^ represents phenyl or naphthyl and Ar2 is independently selected 
20 from the group consisting of: 

a) phenyl, 

b) pyridyl, 

c) pyrimidinyl, 

d) thiophenyl, 
25 e) furanyl, 

f) imidazolyl, 

g) thiazolyl, 

h) isothiazolyl, 

i) oxazolyl, 

30 j) isoxazolyl and 

k) napthyl; 
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one, two or three groups are present, and each is 
independently selected from the group consisting of: halo, R2I, OR23, 
NR20R23, C02R23. CONR20r23, SO2R21 and S(0)R21; 

5 HAr is selected from the group consisting of: 

a) pyridyl, 

b) quinolyl, 

c) purinyl, 

d) imidazolyl, 

10 e) imidazopyridine and 

0 pyrimidinyl; 

Rl is: 

a) Hor 

15 b) substituted orimsubstituted Cms alkyl; and 

R2 is selected from the group consisting of: 

a) CN; 

b) C(0)Ci.6alkyI; 

20 c) C(0)Ci.6 alkylphenyl; 

d) CO2H; 

e) C02Ci.6alkyl; 

f) CO2C J -6 alkylphenyl; 

g) CONH2; 

25 h) C0NHCi-6alkyl; 

i) C(0)N(Ci.6alkyl)2; 
j) SO2NH2; 

k) S02NHCi.6alkyIand 
1) S02N(Ci.6alkyl)2. 

30 

A more preferred subset of compounds of formula I is 
realized when: 
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(R')a e Ar^ 



is selected from the group consisting of: 

a) phenyl, 

b) 4-fluor0phenyl, 

c) 4-chlorophenyi, 

d) 3-fluorophenyl, 

e) 3-chlorophenyl, 

f) 3-methyI phenyl, 

g) 3,4 dichlorophenyl and 

h) 3-hydroxyphenyl; 



10 



(ArA-(R") 



is selected from the group consisting of: 

a) 4-methylthiophenyI, 

b) 4-ethylthiophenyl, 

c) 3-methylthiophenyl, 
15 d) 2-methylthiophenyl, 

e) 3-ethylthiophenyl, 

f) 4-methylsulfonylphenyl, 

g) 4-ethylsulfonylphehyl, 

h) 3-methylsulfonylphenyl, 
20 i) 2-methylsulfonylphenyl, 

j) 4-methylsulfinylphenyl, 

k) 4.ethylsulfonylphenyl, 

1) 3-methylsulfinylphenyl, 

m) 4-(N-methyl-N-benzy0aminomethylphenyl, 
25 n) 3-(N-methyl-N-benzyl)aminomethylphenyl, 

o) 4-methoxyphenyl, 

p) 4-hydroxyphenyl, 

q) 3-methoxyphenyl, 

r) 2-ben2yloxyphenyl, 
30 s) 4-methylthiophen-2-yl, 
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t) 4-methylthiophen-3-yI, 
u) 4-acetylaminophenyl, and 
v) 2-pyrimidinyl; 

(R^)a C Arj) 

with the proviso that when represents a) 

(A^(R")b 

represents one of a) through u); and when 

represents v), ^ 
10 represents one of b) through h); 



.3-(-HAr) 



is selected from the group consisting of: 
a) 4-pyridyl, 



b) 4-C2-methylpyridyl), 

c) 4-(2-aminopyridyl), 
^5 d) 4-(2-methoxypyridyl), 

e) 4-quinolyl, 

f) 4-pyrimidinyl, 

g) 9-purinyl, 

h) 7-(imidazof4,5-b]pyridinyl), and 
20 i) 4-(3-methylpyridyl) 

RlisH;and 

R2 is selected from the group consisting of: 
25 a) CN; 

b) C(0)C].6alkyl; 

c) C(0)Ci-6 alkylphenyl; 
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d) CO2H; 

e) CO2C1-6 alkyl-^- - ^ : - - - ^ - 
0 CO2C 1-6 alky Iphenyl; 

g) CONH2; 



5 ^ h) GONHCi-6 alkyl; 



Another more preferred subset of compounds of formula I is 



is selected from the group consisting of 

a) phenyl, 

b) 4-fluorophenyl, 

c) 4-chlorophenyl, 

d) 3-fluorophenyl, 

e) 3-chlorophenyl, 

f) 3 -methyl phenyl, 

g) 3,4 dichlorophenyl and 

h) 3-hydroxyphenyl; 



is selected from the group consisting of: 

a) 4-methylthiophenyl, 

b) 4-ethylthiophenyl, 

c) 3-methylthiophenyl, 

d) 2-methylthiophenyl, 

e) 3-ethylthiophenyl, 

f) 4-methylsuifonylphenyl, 

g) 4-ethyIsulfonyIphenyl, 

h) .3-methylsuIfonylphenyl, 



i) C(0)N(CN6alkyl)2; 
j) SO2NH2; 

k) SO2NHC1-6 alkyl and 
1) S02N(Ci.6alkyl)2. 



realized when: 
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i) 2-methyIsuIfonylphenyl, 
j) 4-methylsulfinylphenyl, 
k) 4-ethylsulfonylphenyl, 
1) 3-methylsulfinylphenyl, 
5 — m) 4-(N-methyUN-ben2yl)aminomethylphenyl, 

n) 3-(N-methyl-N-ben2yl)aininomethylphenyl, 
o) 4-methoxyphenyl, 
p) 4-hydroxyphenyI, 
q) 3-methoxyphenyl, 
10 r) 2-benzyloxyphenyl, 

s) 4-methylthiophen-2-yl, 
t) 4-methylthiophen-3-yI, 
u) 4-acetylaminophenyl and 
v) 2-pyrimidinyl; 

15 with the proviso that when represents a) 

represents one of a) through u), and when 




•(R')b (R')a ^Ar' 

represents v), — represents b) through h); 



')o.3-(ha^ 



{R")i 

20 ^"—^ is selected from the group consisting of: 

a) 4-pyridyl, 

b) 4-(2-methylpyridyl), 

c) 4-(2-aniinopyridyl), 

d) 4-(2-methoxypyridyI), 
25 e) 4-quinolyl» 

f) 4-pyrimidinyl, 

g) 9-purinyl, 
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h) 7-(imida2o[4,5-b]pyridinyl) and 

i) 4-(3-methylpyridyl); :c 

r1 is substituted or unsubstituted C1.15 alkyl; and 

r2 is selected from the group consisting of: 

a) CN; 

b) C(0)C 1-6 alkyl: 

c) C(0)Ci.6alkylphenyl; 
10 d) CO2H; 

e) CO2C1.6 alkyl; 

f) C02Ci-6alkylphenyI; 

g) CONH2: 

h) CONHC 1-6 alkyl; 
15 i) C(0)N(Ci-6alkyl)2; 

j) SO2NH2; 

k) SO2NHC1.6 alkyl and 
1) S02N(Ci.6alkyl)2. 

20 Pharmaceutical ly acceptable salts of the compounds of 

fomnula I include the conventional non-toxic salts or the quartemary 
ammonium salts of the compounds of fomiula I fomied e.g. from 
inorganic or organic acids. Conventional salts include those derived 
from inorganic acids such as hydrochloric, hydrobromic, sulfuric, 

25 sulfamic, phosphoric, nitric and the like;' and the salts prepared from 
organic acids such as acetic, propionic, succinic/ gly colic, stearic, lactic, 
malic, tartaric, citric, ascorbic, pamoic, sulfanilic, 2-acetoxybenzoic, 
fumaric, toluenesulfonic, methanesulfonic, ethane disulfonic, oxalic, 
isethionic and the like. 

30 The pharmaceutical ly acceptable salts of the present 

invention can be synthesized from tht compounds of fonnula I which 
contain a basic or acidic moiety by conventional chemical methods. 
Generally, the salts are prepared by reacting the free base or acid with 
stoichiometric amounts or with an excess of the desired salt-fonning 
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10 



30 



inorganic or organic acid or base in a suitable solvent or various 
combinations of solvents. 

Many of the compounds of the present invention have 
asymmetric centers. Consequently, the compounds occur as racemates 
racemic mixtures and as individual diastereomere. All possible isomers 
mcluding optical isomers, are included in the present invention. 

This invention also relates to a method of inhibiting the 
production or activity of cytokines in a mammalian patient in need 
of such treatment, which comprises administering to said mammal an 
amoum of a compound of fonnula I which is effective for inhibiting 
the production or activity of cytokines, such that the cytokines are 
regulated to substantially normal levels, or in some cases to subnormal 
levels, so as to treat or prevent manifestations of the disease. 

More particulariy, the compounds of fonnula 1 can 
1 5 be administered to the mammalian patient in the treatment of the 
manifestations of disease states in which the symptoms or pathology 
are exacerbated or caused by excessive or unregulated production 
levels or activity of IL- 1 , IL-6, IL-8 or TNF. 

Compounds of formula I inhibit proinflammatory cytokines 
such as IL-1, IL-6, IL-8 and TNF, and are therefore usefiil for treating 
inflammation associated with diseases such as rheumatoid arthritis, 
rfieumatoid spondylitis, osteoarthritis, gouty arthritis and other arthritic 
conditions. 

The compounds of fonnula I are administered to the patient 
m a general dosage range from as low as about 0.01 mg to as high as 
about 1 .0 g, from about one to four rimes daily. Such dosages can be 
administered by conventional routes, e.g., orally, parenterally, topically 
transdennally and the like. Obviously, the dosage employed will depend 
upon factors such as the route of administration, the potency of the 
particular compound administered, the severity of the patient's disease or 
condition, the incidence or severity of side effects and other factore. 

More particulariy, the compounds of fonnula I are useful to 
treat disease states and conditions in which excessive or unregulated TNF 
levels, production or activity is implicated, such as sepsis, including gram 



20 



25 
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negative sepsis, septic shock, endotoxic shock, toxic shock syndrome, 
adult respiratory distress syndrome, cerebral malaria, chronic pulmonary - 
inflammatory disease, silicosis, pulmonary sarcososis, bone resorption 
diseases, such as osteoporosis, reperfusion injury, graft vs. host rejection, 
5 allograft rejections, fever and myalgia due to irifectidri such as influenza, 
cachexia secondary to infection or malignancy, cachexia secondary'to 
acquired immune deficiency syndrome (AIDS)^ AIDS, ARC (AE)s'^ 
related complex), keloid formation, scar tissue foraia:tion, Crohn's 
disease, ulcerative colitis, pyresis, AIDS and other viral infections, such 

10 as cytomegalovims (CMV), influenza vims and the herpes family of 
viruses, such as Herpes Zoster or Simplex I and II. 

As noted above, the compounds of formula I are 
administered to the patient in a general dosage range from as low as 
about 0.01 mg to as high as about 1 .0 g, from about one to four times 

15 daily. With respect to diseases and conditions in which TNF is 
implicated, it is likely that the severity of these conditions will 
necessitate the use of higher doses than those employed for the 
treatment of less serious conditions such asinflanimationl^ ^ ^ ~ - 
The compounds of formula I can also be used tdpically in 

20 the treatment of inflammation, such as for the treatnient of rheumatoid 
arthritis, rheumatoid spondylitis, osteoarthritis, gouty arthritis and other 
arthritic conditions; inflamed joints, eczema, psoriasis or other skin 
conditions such as sunburn; inflammatory eye conditions including 
conjunctivitis; pyresis, pain and other conditions associated with 

25 inflammation. 

The compounds of fonnula I are also useful in treating 
diseases characterized by excessive IL-8 levels or activity. There are 
many disease states in which excessive or unregulated IL-8 production 
is implicated in exacerbating and/or causing the disease. These diseases 

30 include psoriasis, inflanmiatory bowel disease, asthma, cardiac and renal 
reperfusion injury, adult respiratory distress syndrome, thrombosis and 
glomerulonephritis. The invention includes a method of treating 
psoriasis, inflammatory bowel disease, asthma, cardiac and renal 
reperfusion injury, adult respiratory distress syndrome, thrombosis 
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and glomerulonephritis, in a mammal in need of such treamient which 
comprises administering to said mammal a compound of formula I 
in an amount which is effective for treating said disease or condition. 

Pharmaceutical compositions containing a compound of 
5 formula I are formulated in accordance with standard pharmaceutical 
practice. This invention encompasses a pharmaceutical composition 
which is comprised of a compound of formula I in combination with 
a pharmaceutically acceptable carrier. 

The compounds of formula I may also be included in 
10 combination with a second therapeutically active ingredient. 

The particular dosage form may be described, for example, 
as a solid, semi-solid, liquid or a vapor, as well as through its intended 
use as an oral, parenteral, transdermal, respiratory, topical, intravaginal, 
rectal, transmucosal or the like. All such compositions are included in 
15 the present invention. 

Examples of solid oral dosage forms included herein are 
tablets, capsules, troches, lozenges and the like. Pharmaceutical carriers 
used in such dosage forms include lactose, terra alba, sucrose, talc, 
gelatin, agar, pectin, acacia, magnesium stearate, stearic acid and the like. 
20 Examples of liquid oral dosage forms included herein are 

syraps, solutions, suspensions, aerosols and emulsions. Exemplary of 
pharmaceutical carriers included in liquid oral dosage forms are water, 
peanut oil, olive oil, water, ethanol and the like. Additionally, solid 
ingredients can be included in the liquid dosage forms, which arc soluble, 
25 swellable or suspendable. 

Parenteral dosage forms include intravenous and intra- 
muscular injections, intravenous and intramuscular preparations in 
freeze-dried or other sohd form for dissolution or reconstimtion and 
implantable tablets. The carrier includes the liquids used in the 
30 preparation, as well as any non-therapeutically active components 
that are included. 

Similariy, the carrier or diluent may include time delay 
material well known in the art, such as glyceiyl moncstearate or glyceryl 
distearate, alone or with a wax. 
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When a liquid is used, the preparation is in the form of a 
syrup, emulsion, soft gelatin capsule, sterile liquid or nonaqueous liquid 
suspension. . , r : 

The compounds of fomiula I may be administered topically. 
5 Topical liquids include solutions, suspensions and emulsions. ':Topical . 
solids include powders, poultices and the like. Topical semi-solids 
include creams, ointments, gels and the like. 

The amount of a compound of formula I, for all methods of 
use disclosed herein, required for therapeutic effect on topical administra- 

10 tion will, of course, vary with the compound chosen, the nature and 

severity of the condition, whether and the discretion of the physician. An 
example of a topical dose of a compound of formula I is as low as from 
about 0.01 mg to as high as about 2.0 g, administered one to four, 
preferably one to two times daily. 

1 5 The active ingredient may comprise from as low as about 

0.001 % to as high as about 90% w/w of the composition. 

Drops according to the present invention may comprise ' 
sterile aqueous or oil solutions or suspensions, and may be'pi^pared By 
dissolving the active ingredient in a suitable aqueous solution, optionally 

20 including a bactericidal and/or fungicidal agent and/or any other suitable 
preservative, and optionally including a surface active agent. The result- 
ing solution may then be clarified by filtration, transferred to a suitable 
container which is then sealed and sterilized by autoclaving or maintain- 
ing at 98-1 OOX for half an hour. Alternatively, the solution may be 

25 sterilized by filtration and transferred to the container by aseptic 

technique. Examples of bactericidal and fungicidal agents suitable for 
inclusion in the drops are phenylmercuric nitrate or acetate (0.002%), 
benzalkonium chloride (0.01 %) and chlorhexidine acetate (0.01 %). 
Suitable solvents for the preparation of an oily solution include glycerol, 

30 diluted alcohol and propylene glycol. 

Lotions according to the present invention include those 
suitable for application to the skin or eye. An eye lotion may comprise 
a sterile aqueous solution optionally containing a bactericide and may 
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be prepared by methods similar to those for the preparation of drops. 
Lotions or liniments for application to the skin may also include an agent 
to hasten drying and to cool the skin, such as an alcohol or acetone, 
and/or a moisturizer such as glycerol or an oil such as castor oil or arachis 
5 oil. 

Creams, ointments or pastes according to the present 
invention are semi-solid formulations of the active ingredient for external 
application. They may be made by mixing the active ingredient in finely- 
divided or powdered form, alone or in solution or suspension in an 
1 0 aqueous or non-aqueous liquid, witii the aid of suitable machinery, with 
a greasy or non-greasy base. The base may comprise hydrocarbons such 
as hard, soft or liquid paraffin, glycerol, beeswax, a metallic soap; a 
mucilage; an oil of natural origin such as ahnond, com, arachis, castor or 
olive oil; wool fat or its derivatives, or a fatty acid such as steric or oleic 
15 acid together with an alcohol such as propylene glycol or macrogels. The 
formulation may incorporate any suitable surface active agent such as an 
anionic, cationic or non-ionic surfactant such as sorbitan esters or 
polyoxyethylene derivatives thereof. Suspending agents such as naftiral 
gums, cellulose derivatives or inorganic materials such as silicas, and 
20 other ingredients such as lanolin may also be included. 

The methods of the instant invention may be carried out by 
administering the compound of formula I to a patient in need of such 
treatment. The term 'parenteral' as used herein includes intravenous, 
intramuscular, or intraperitoneal administration. The subcutaneous and 
25 intramuscular forms of parenteral administration are generally preferred. 
Appropriate dosage forms for such administration may be prepared by 
conventional techniques. The instant invention can also be carried out 
by delivering the monokine activity interfering agent subcutaneous 
intranasally, intrarectally, transdermally, or intravaginally 
30 The compounds of foimula I may also be administered 

by inhalation. By 'inhalation' is meant intranasal and oral inhalation 
administration. Appropriate dosage forms for such administration, such 
as an aerosol formulation or a metered dose inhaler, may be prepared by 
convention techniques. 
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Compounds of formula I are pyrrole derivatives which may 
be prepared according to the procedures set forth below. The key process 
in preparing compounds of formula I is the formation of a pyrrole ring 
with specific substituents on the heterocycle. 
5— Compounds of formula I are prepared (see Scheme I) by the 

reaction of compound 1, or a protected version thereof, with an acetophe- 
none in the presence of potassium cyanide followed by treatment with an 
alkyl or aryl amine, ammonia or equivalent thereof (ammonium acetate) 
at elevated temperature. 

10 

SCHEME I 




TMSCN = trimethylsilyl cyanate 
LDA = lithium diethylamide 
TMS = trimethylsilyl 
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Heteroaromatic aldehydes 3 may be converted to their 
trimethylsilyl cyanohydrins 4. Deprotonation and reaction with an 
aldehyde 5 will provide trimethyl silyl protected benzoins 1. (See, 
e.g., Hunig, S.et al., Chem. Ber. 112, 2062 (1979)). 
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R^NHg, CH3COOH 
90°C. 




10 



Condensation of the 1 ,4-(liketone 6 with ammonia gives 
rise to pyrroles (Paal Knor Synthesis). Compound 6, a 1,4 diketone, 
(see Scheme II) is reacted with ammonia, or a compound that gives rise 
to ammonia, such as ammonium acetate or a primary amine, to provide 
compounds of formula I. This reaction can be conducted in the presence 
of an acid catalyst, such as acetic acid or titanium tetrachloride at an 
elevated temperature. 1,4 diketones 6 arc thus rcgioselectively 
constmcted so that the appropriate groups are present on the pyrrole ring. 




Base, LCHAC0Ar2(R*)b 



DMSO. room temp 



RV3 



Base» NaH or NaN(TMS)2 

Leaving group such as 
Br. I. OTos. OMs 




O (Ra)b 
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Alkylation of 1 -aryl-2-heteroarylethanones 7 with 
bromoacetophenones or other leaving group substituted acetophenones 
Taprovides 1,4 diketones 6 (Iyer, R, N*, et al. Ind. J. Chem. 77, 1260, 
5 (1973)). Bromoacetophenones arc readily prepared by bromination of 
acetophenones (for example by treatment with bromine in acetic acid or 
benzyltrimethylammonium bromide). 




Ethanone 7 is prepared by the addition of a heteroaryl 
methyl anion 8 to an activated benzoic acid 9 (for example esters, acid 
chlorides, nitriles and N-methoxy-N-methyl amides) (See, e.g., Wolfe, J. 
R et al. J. Org. Chemt i9, 2006 (1974) , Kaiser, E. M. et al. Synthesis 
15 705 1975 and Ohsawa A. Chem. Phami. Bull. 26, 3633, (1978)). 
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TMSCN 
Zniz, CH3CN 



MeO^ OMe 



1) BuLi 



1. LDA. THF 
NC. ,0TMS.:2... 



10 




2) (R')o-3-\"^; 



3) HCOOH, 
heat 




RVa— i^HAr 
3. H2O 



L= Br, I, CI, OTos, OMs. OTf 




10 



An alternative approach to the synthesis of compound 
7 is via an alkylation of aryl trimethyl silyl protected cyanohydrin 10. 
Treatment of 10 with lithium diisopropyl amide in THF and addition of a 
heteroaryl methyl group functionalized with a leaving group L (e.g., Br, I, 
CI , tosylate, mesylate) followed by acid catalyzed hydrolysis of the silyl 
cyanohydrin group will provide ethanones such as 7 (Deuchert, K., et al. 
OiSm.£eL//2, 2045, 1979). 

Dimethyl acetals 10a may be prepared from aldehydes by 
treatment with trimethylorthoformate and an acid catalyst. Addition of 
a base such as butyl lithium followed by an alkylating agent will, after 
hydrolysis of the acetal, provide 7. 
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SCHEME III 




The reductive cross coupling of 1,3 diketones 11 with a 
nitrile 12 in the presence of zinc and titanium tetrachloride also gives 
5 rise to compounds where the pyrrole is unsubstituted at position 4, See 
Scheme ID, (Gao, J. et al. Tet Lett. 34, 1617, 1993). 1,3 diketones 11 
may be prepared by alkylation of 4 with bromoacetophenones. 



wo 97/IW41 



PCT/US96/17324 



-29- 



SCHEME IV 




I 



1 A diketones 13 are also prepared as described in Scheme 
ly.. A heteroaryl aldehyde 14 is condensed with a methyl ketone 15 to 
5 provide (x,P-unsaturated ketone 16. In the presence of a catalyst such as 
cyanide or a thiazolium salt an aiyl aldehyde 17 reacts with 16 to give 
13 (Stetter, H. J. et al Heterocyclic Chem. 14, 573, (1977) and Stetter, H. 
et. al. Organic Reactions, Vol 40, 407-496). Condensation of 13 with 
an amine provides compounds of formula L 
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A 




Intermediate 16 may be prepared by a Homer-Emmons 
reaction of the anion of 18 with the heteroaryl aldehyde 14. The reagent 
5 18 may be prepared by reaction of the bromoketone 19 and triethyl 

phosphite or by reaction of the lithium salt of diethyl methylphosphonate 
with an ester 21. 
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SCHEME VI 




55 





(R')b 



r2 = COOR2° cn 



R^ 




1. Oxidation 
2. Esterification 



1. POCI3, DMF 



0-3 



25 




(R')b 



The ester and nitrile of formula I may be prepared as shown 
in Scheme VI by treatment of halo ketones 22 with keto esters or keto 
5 nitriles 23 with ammonia or an amine producing ester I (Hantzsch. Ber. 
Dtsch. Chem. Ges. 23, 1474, 1890). Alternatively a 2-amino ketone 24 
reacts with a 3 -keto ester 23 to produce I. 

A further method of synthesis of Compounds of formula I is 
by oxidation and esterification of aldehyde 26. The aldehyde is prepared 
10 by treatment of the pyrrole 25 with the Villsmeyer reagent (POCI3/DMF). 
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Formula I 



The pyrrole 22 prepared as described herein may be silylated 
on the nitrogen atom to give 27 by treatment with a silyl chloride and 
5 base in a solvent such as methylene chloride. The pyrrole 27 may then be 
sulphenylated with a sulphenylchloride under basic conditions to provide 
28 (J. Org. Chem, 6317 1990). Oxidation of 28 with a reagent such as m- 
chloroperoxybenzoic acid will give the sulphone 29. Removal of the silyl 
group and derivatization of the pyrrole will give compounds of Formula 

10 I. Compound 22 may also be converted to the sulphide 30 by reaction of 
22 with a symmetrical sulfoxide in the presence of trimethylsilylchloride 
(TMSCl) to give 30. Oxidation of 30 with a reagent such as m-chloro- 
peroxybenzoic acid will give 29. The silyl pyrrole 27 may also be 
acylated with an acid chloride to give the ketone 31. 

15 Removal of the silyl group from 31 and derivatization of the 

pyrrole will give compounds of formula I. Pyrroles such as 22 may also 
be sulfmylated directly without N-protection, by treatment with sulphinyl 
chloride in a solvent such as dichloromethane at 0°C (J. Org. Chem. 
5336, 1980). Oxidation as described above thus provides pyrroles of 

20 formula I where R3 is SO2R2 > . 
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SnHgMEVII 




34 
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MO n (R\-@)-COX (33) 

O base^ MO^^.O 



34 




ester 
hydrolysis 



HO^^O 



M = Me, Et, Bn, t-Bu 

X= CI, or other acid activating agent 



dicyclohexyl- 
carbodiimide 



35 



1 (^m^ ^ 



HArl 



Note:R^ may also be a protecting 
group that may be removed in the ^ 
final step to give compounds where ^ o-3" _ 

is H. ^-^ // \\ 



TBAF = tetrabutyl 
ammonium fluoride 



r3 = -COjR^^ -CN, -C0N(R^^)2 
S02R^^ COR^* 



The amino acid ester 32 may be acylated with an acid 33 
that is suitably activated (acid chloride or other activating group used in 
5 amide coupling reactions) to give. 34. Hydrolysis of the ester protecting 
group will privide 35. Cyclization by treament with an acid activating 
group such as dicyclohexylcarbodiimide (DCC) will give the oxazolium 
species 36. Addition of an aikyne 37 to 36 may give a pyrrole of 
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Formula I via a 3+2 cycloaddition followed by loss of carbon dioxide. 
Various groups may be incorporated in this manner 

SCHEME VIII., . .. 



catalyst 




E p 1^ \ 
pyrrole as electrophile 




G p 
pyrrole as nucleophile 



(Ba)b 



E=: Br, I. OSO2CF3 

G=: SnMea, B{OH)2, ZnCI. MgBr 

catalyst=: Pd(PPh3)4, Pd(PPh3)2Cl2 

P=R^ or protecting group such as trialkyi silyl, 

benzyl, substituted benzyl, t-butyloxycarbonyl 



Aryl and heteroaryl rings may also be appended to the 
pyrrole ring system by utilization of organometallic coupling technology 
(Kalinin, V. Synthesis 413 1991). The pyrrole ring may function as an 
electrophile or as a nucleophile. 
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Any of the three appended aromatic or heteroaromatic rings 
may be attached to the pyrrole ring system (Alvarez, A. J. et al J. Org. 
Chem. 1653, 1992 (use of boronic acid and tributyl stannanes for 
coupling to aromatic and heteroaromatic rings)). Attachment of pyrrole 
-5- pendant groups may be carried out withisr without other Ar, H Ar, R2 or 
R3 groups attached. 

The synthesis of pyrroles containing nucleophiiic groups for 
coupling reactions depends on the pyrrole substitution pattern. Lithium 
anions are prepared by metalation of a regioselectively halogenated 

10 pyrrole, or the regioselective deprotonation of the pyrrole preferably by 
the use of a directing functional group. The resulting anion may then be 
trapped by a trialkyl stannyl halide or a trialkyl borate or transmetalated 
to magnesium or zinc by treatment with appropriate halide salts. A 
further method used to incoiporate a trialkyl stannyl group is the coupling 

15 of a bromo, iodo or triflate substituted pyrrole with hexalkylditin in the 
presence of a palladium catalyst. 

The synthesis of pyrroles incorporating electrophilic 
groups may be carried out by the regioselective haiogentation of a pyrrole 
(Pyrroles Part 1, R. Alan Jones,ed., HeterocvrJir Compounds Vol 48 Part 

20 1 . John Wiley, New Yoric. 349-391 ,1990). The regioselectivity of halo- 
genation will depend on the size, nature and substitution position on die 
pyrrole ring as well as the presence or absence of the N-alkyI protecting 
group. Triflates may be prepared by acylation of hydroxy pyrroles with 
triflic anhydride. 

The reaction conditions used will depend on the nature of 
the coupling species. In the case of magnesium, zinc and stannyl coupling 
reactions the solvent employed is toluene, or DMF under anhydrous 
conditions. In the case of boronic acid couplings a heterogenous system 
is used of water, toluene, and dimethoxyethane, or ethanol in the presence 
JO of a base such as sodium carbonate, or bicarbonate. In general, the 
reaction takes place at an elevated temperahire (80-100 oC,). TTie 
catalysts used will most likely depend on the stracture of the components 
to be coupled as well as the functional groups and belong to the group 



wo 97/16441 



PCT/US96/17324 



.37. 



consisting of tetrakistriphenyiphosphinepalladium (0), or palladium bis 
triphenyl phosphine dichloride. 

Coupling chemistry may be utilized to introduce R3 groups 
as shown below in Scheme X. 4-unsubstituted pyrroles optionally 
5 protected at nitrogen (P) 22 may te halogenated by treatment with 
electrophilic sources of bromine and iodine to provide 38. The halogen 
may then be coupled with carbon monoxide in the presence of an alcohol 
to give, after removal of the protecting group, 4-alkoxycarbonyI 
substituted pyrroles of formula I. Treatment of 38 with a hexalkylditin 

10 in the presence of a palladium catalyst (see above for examples of 

catalysts) will give the stannyl pyrrole 39. Altematively, halogen metal 
exchange through treatment of 38 with an alkyl lithium followed by 
addition of a trialkyltinchloride with give 39. The stannyl pyrrole may 
then be coupled to acid chlorides to give ketones of formula I after 

15 deblocking, if required. Reaction of 39 with chlorosulfonylisocyanate in 
the presence of a palladium catalyst will give the sulphonyl isocyanate 
40. 40 may subsequently be converted to a sulphonyl urea or sulphonyl 
carbamate of fomula I by addition of a primary or secondary amine or an 
alcohol after deblocking (acid conditions for P = C02-t-Bu; basic 

20 hydrolysis for P = S02Ph), if required. 
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SCHEME IX 




CO, ROH, DMF, 
Pd catalyst 

EtgN 



{Sn(alkyl)3)2. 
Pd catalyst 
or 

alkyliithium, 
CISn(alkyl)3 




(R^)a- 




39 



CISOgNCO 
Pd catalyst 



alkyisMe or Bu 



40 



1) r22coci 

Pd catalyst 

2) deblock 
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Q. NCO 




(R")a- 



(R^)b (R')a- 




i;riiM(H )2 

or 
R^^OH 
2) deblock 



S. XR 



P«H, CO2- t-Bu, SOgPh 




I XR = NHR20 0R2^ 



Coupling of alkenes oralkynes with 4-halo pyn-ples (Heck 
reaction, see Kalinin, V. Synthesis 413 1991 for a review) will give rise 
5 to R2 (generic nomenclature) alkenyl and alkynyl substituted pyrroles that 
may be reduced or otherwise modified to provide compounds of formula 

I- 

Functional groups such as halogens, sulfides, nitro groups, 
ethers and other groups stable to the reaction conditions used in the linear 
10 synthesis of the pyrroles are incorporated in the initial steps of the 

reaction sequence. Sulfides may be oxidized to sulfoxides and sulfones 
with reagents such as m-chloroperbenzoic acid. Sulfides may also be 
converted to sulfonyl chlorides by oxidation and chlorination by chlorine 
in water. 

15 Primary amines are prepared from nitro groups by catalytic 

(Pd/C, H2 or Raney Nickel, H2) or chemical means (C0CI2, NaBRi). 
AUcylation of amines to give secondary and tertiary amines is achieved 
by reductive alkylation (aldehyde, NaCNBIij) or alkylation with an alkyl 
group substituted with a leaving group in the presence of a base such as 

20 K2CO3. Tertiary amines may, alternatively, be carried through the 
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reaction sequences to the pyrroles. Acylation of primary or secondary 
amines with activated acids, chloroformates, isocyanates and 
chlorosufonates will give rise to amides, carbamates, ureas and 
sulfonamides, respectively. 
5 Other methodsof preparing amides and ureas are useful: 

such as for example, treatment of the amine with phosgene, or an 
equivalent thereof, followed by acylation of an alcohol or amine with 
the intermediate activated chloroformamide. 

Carboxylic acids are best introduced as estens early in tte 
10 synthesis. Saponification will provide carboxylic acids. Transesterifica- 
tion or esterification of the acids will give esters. CarboxyHc acids may 
be converted to amides by activation and reaction with amines. Phenols 
are best introduced in a protected form early in the synthetic sequence to 
the pyrrole. Removal of the protecting group provides a phenol which 
1 5 may subsequently be alkylated in the presence of an alkylating agent and 
base to give an ether, or acylated with an isocyanate to give carbamates. 
Phenols may be converted to aryl ethers by reaction with an aryl 
bismethane in the presence of copper II acetate. 

Aryl and heteroaiyl groups may be attached to pyrrole 
20 pendant aryl and heteroaryl groups by application of coupling chemistry 
technology as outlined above. 

The sequence and conditions of the reaction steps is dependent on 
the structure and functional groups present. Protecting groups may be 
necessary and may be chosen with reference to Greene, T.W., et al., 
25 Protective Groups in Orpanic Svnthesis John Wiley & Sons, Inc., 1 99 1 . 
The blocking groups are readily removable, i.e., they can be removed, if 
desired, by procedures which will not cause cleavage or other dismption 
of the remaining portions of the molecule. Such procedures include 
chemical and enzymatic hydrolysis, treatment with chemical reducing or 
30 oxidizing agents under mild conditions, treatment with fluoride ion, 

treatment with a transition metal catalyst and a nucleophile, and catalytic 
hydrogenation. 

Examples of suitable hydroxyl protecting groups are: 
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t-butylmethoxyphenylsilyU t-butoxydiphenylsilyl, trimethylsilyl, 
triethylsilyl, o-nitrobenzyloxycarbonyl, p-nitrobenzyloxycarbdhyr, 
benzyloxycarbonyl, t-butyloxycarbonyl, 2,2,2-trichloroethylbxycarbohyl, 
and allyloxycarbonyl. Examples of suitable carboxyl protecting groups 
5 "are benzhydryl, o-nitrobenzyl, p-nitrobenzyl, 2-naphthylmethyl, allyl, 
2 chlcrcilly!, benzyl, 2,2,2 trichloroethy!, tnmethylsilyl, t buVyl 
dimethoylsilyl, t-butldiphenylsilyl, 2-(trimethylsilyl)ethyl, phenacyl, 
p-methoxybenzyl, acetonyl, p-methoxyphenyl, 4-pyridylniethyl and 
t-butyi. 

10 The following examples are illustrative and are not limiting 

of the compounds of this invention. 

PREPARATIVE EXAMPLE 1 
4.FluorQ-2-(4-pvridvnacet0Dhenone (\) 

15 




F 



To a solution of lithium diisopropyl amide (Aldrich 
Chemical Co. 2.0 M in heptane,THF ethyl benzene) 3.1 mL (63 mmol) 

20 in 6 mL of anhydrous THF at -78oC under nitrogen was added 0.5 g (5.3 
mmol) of 4-picoline dropwise. The reaction mixture was stirred for 20 
minutes and then treated with a solution of 0.9 g (5.3 mmol) of 4-fluoro- 
(N-methyl-N-methoxy)-benzamide in THF. The reaction mixture was 
wanned to 0<>C and quenched by addition of 10 mL of brine. The mixture 

25 was extracted with ethyl acetate (EtOAc) (3x10 mL) and the combined 
organic phases were dried over MgS04. The mixture was filtered and the 
filtrate was concentrated in vacuo to give the title compound as an orange 
soUd. 
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Hi NMR (CDCI3 300 MHz): 4.23 s (d, 2H). 7.1-7.18 m (4H), 8.02 (dd 
2H),8.55(dd,2H). 



PREPAR ATTV E EXAMPT ? 

0Si{Me)2-t-butyl 




, - "^0^2 liter 3 neck flask equipped with a mechanical stirrer 

10 under N2 was added 54.6 g (0.59 m) diisopropylethylamine and 150 ml 
of THF. The solution was cooled to -20OC and treated with 268 ml (0.67 
m) of 2.5 M butyl lithium over 20 minutes. To the reacrion mixture was 
added 125 g (0.56 m) of 4-(t-buty]dimethysilyIoxymethyI).pyridine in 
100 ml of THF over 30 minutes. The reaction mixture was stirred for 
1 5 1 hour at - 1 50C and then treated with a solution of 1 08 g (0.59 m) of 4- 
fluoro-(N-methyl-N-methoxy)-benzamide dissolved in 100 ml of THF 
dropwise. The reaction was warmed to OOC and stirred for 1 hour and 
then was warmed to room temperature and was quenched by addition of 
1 liter of 20% NH4CI solution. TTie aqueous phase was extracted with 
20 EtOAc (3 X 500 ml). The combined organic phases were washed with 
water (1 x 500 ml) , I x 500 ml brine and were dried over MgS04. The 
mixture was filtered and, the filtrate was concentrated in vacuo to give a 
dark oil. The product was purified by flash chromatography over silica 
gel eluting with 1 0-20% EtOAc^exanes. 
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PREPARATIVE E XAMPLE 3 
4-Fluoro>2-r2>pvridvnacetoDhenone (3) 




To a solution of lithium diisopropyi amide ( Aidrich 
Chemical Co. 2.0M in heptane,THF ethyl benzene) 5.2 mL (10.5 mmol) 
in 6 mL of anhydrous THF at -78oC under nitrogen was added 0.93 g (10 
mmol) of 2-picoline drop wise. The reaction mixture was stirred for 20 

10 minutes and then treated with a solution of 1.71 g (5.3 mmol) of 4-fluoro- 
(N-methyi-N-methoxy)-benzamide in THF. The reaction mixture was 
wanmed to O^C and quenched by addition of 10 mL of brine. The mixture 
was extracted with ethyl acetate (3x10 mL) and the combined organic 
. ^piiasds were dried over MgS04. The mixture was filtered and the filtrate 

15 vTas concentrated in vacuo to give a solid. 

Hi NMR (CDCI3 300 MHz): 4.49 (s); 6.0 (s); 6.97 (m); 7.-3-7.12 (m); 
7.62 (m); 7.82 (m); 8.10 (dd); 8.28 (bd); 8.57 (bd). Relative integrations 
are not meaningful as the compound exists in a keto/enol equilibrium as 
20 determined by Hi-NMR. FAB ms:216(M++l). 

PREPARATIVE EXAMPLE 4 
2-f4-pvridvl^acetODhenone (4) 



25 




As in Preparative Example 3 utilizing N-methyl-N-methoxy- 
benzamide as the acylating reagent compound 4 is prepared. 
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PREPARATIVE EXAMPLE 5 




5 To a solution of 0.14 g (0.67 mmol) of 4-fluoro-2-(4- 

pyridyOacetophenone (1) from Preparative Example 1 in 2 mL of 
anhydrous DMSO under nitrogen at room temperature was added 0.67 
mL of a 1 .OM solution of sodium hexamethyl disilazide in THF. After 
15 minutes a solution of 4-fluoro-bromoacetophenone 0.14 g (0.67 
10 mmol) in DMSO was added dropwise. The reaction mixture was diluted 
with 5 mL of water after 30 minutes and extracted with ethyl acetate (3x 
10 mL). The combined organic extracts were washed with brine and dried 
over MgS04. The mixture was filtered and the filtrate was concentrated 
in vacuo to give an oil. 

15 

HI NMR (CDCI3 300 MHz): 3.26 (dd, IH); 4.12 (dd, IH); 5.23 (dd, IH); 
7.04-7.13 (m. 4H); 7.27 (dd, 2H); 7.95-8.05 (m, 4H); 8.51 (d, 2H). 

PREPARATIVE EXAMPLE 6 

20 




To 4.4 ml of dry pyridine under nitrogen was added 2. 14 g 
(0.02 mol) of pyridine-4-carboxaldehyde followed by 2.4 g (0.02 mol) 



wo 97/16441 



PCT/US96/17324 



-45- 

acetophenone and 1 .46 g (0.02 mol) diethylamine. The solution was 
refluxed for 2.5 hours, cooled to room temperature and poured into 
100 ml of ice water containing 10 ml of concentrated hydrochloric acid. 
: The resulting solution was adjusted to pH 5.0 by addition of IN NaOH 
5 solution while stirring rapidly .-The mixture was filtered and the residue ^ 
was washed with 15 ml of water. The solid was dried in vacuo to give the 
product. 

HI NMR (CDCI3 300 MHz): 7.42-7.56 (m, 3H); 7.59-7.65 (m, 1 H); 7.68 
10 (d, 2H); 8.1 1 (dt, 2H); 8.69 (bd, 2H). 

PREPARATIVE EXAMPLE 7 




15 

To 0.019 g (0.039 Mmol) of sodium cyanide in 2 ml of dry 
DMF at 3(PC was added a solution of 4-chlorobenzaIdehyde in 1 .5 ml of 
DMF over 20 minutes. A thick slurry formed. After 30 minutes a solution 
of the product of preparative example 6 in 1.5 ml of DMF was added 
20 dropwise. The mixture was agitated and stirred for 3 hours. The mixture 
was diluted with 30 ml of water and extracted with ethyl acetate (2x15 
ml). The organic phase was washed with brine (1x15 ml) and dried over 
MgS04. The mixture was filtered and the filtrate was concentrated in 
vacuo to give structure of Example 20 (an oil). 

25 
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PREPARATTVF FY A MPT c q 
1 -phenvl-3-f4-nvridvn-4-(4.mprhylt^|^ ^Dhenvl^h^f«n- i A-H^ n^. 

Using the procedure from Preparative Example 7 set forth 
5 above, substitute 4-methylthiobeii2aldehyde for 4.chloroben2aldehyde 
produce the title compound. 



10 



PREPARATI VE EX AMPf p Q 
2-(4-f]uoronhenvn-^-f4.pvri^YfV5-r4-fl..nT^p|, ^ nY!) r Yrnr lf 




Mediod 1 

To a solution of 0.35 g (0.99 mmol) of the compound of 
15 Preparative Example 5 in 15 mL of glacial acetic acid was added 0.35 
g (4.7 mmol) ammonium acetate. The mixture was heated to 90oC over 
10 hours at which time a farther 1 g of ammonium acetate was added. 
Heating was continued at I lO^C for 6 hours. The reaction mixture was 
concentrated to 50% of the original volume, and 25 mL of water was 
20 gradually added. A solid formed, which was filtered and dried in vacuo 
to give the title compound. Hi NMR (CDCI3 300 MHz): 6.61 (s IH)- 
6.98-7.05 (m, 4H); 7.20 (dd, 2H); 7.33 (dd, 2H); 7.53 (dd, 2H); 8.29 (d 
2H). FAB ms:333 (M++1). 

25 Method 2 

The condensation in method 1 was followed by an 
alternative work-up procedure. The reaction mixnire was diluted with 
5 mL of water and extracted with ethyl acetate (3x4 mL). The organic 
extracts were dried over MgS04, filtered and the filtrate was concentrated 
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in vacuo. The residue was purified by rotary chromatography to give the 
desired product. 

PREPARATIVE EXAMPLE 10^83 
5 • 




0. 15-0.2 g of the 1 A diketone above is dissolved in 3 mL of 
acetic acid to which is added 1.0 g of ammonium acetate. The mixture is 
10 heated at 1 10^ for i .5-10 hours, and the compound is worked up as 
previously described to produce the compounds listed below in Table I. 



TABLE I 



Preparative 
Example 


Ar2 


Arl 


HAr 


FAB ms 
M++I 


10 


Ph-4-OMe 


Ph-4-F 


4-Pyridy] 


345 


11 


Ph-2,5-OMe 


Ph-4-F 


4-Pyridyl 


375 


12 


Ph-4-Br 


Ph-4-F 


4-Pyridyl 


393/395 


13 


Ph-4-Cl 


Ph^F 


4-Pyridyl 


349 


14 


Ph-4-OMe 


Ph-4-F 


2-Pyridyl 


345 


15 


Ph-4-Br 


Ph-4-F 


2-Pyridyl 


393/395 


16 


Ph-4-CI 


Ph-4-F 


2-Pyridyl 


349 


17 


Ph-2,5-OMe 


Ph-4-F 


2-Pyridyl 


375 


18 


Ph-4-OMe 


Ph 


4-Pyridyl 


327 


19 




Ph 


4-Pyridyl 


331 


20 


Ph.2,5^Me 


Ph 


4-FVridyl 


357 


21 




Ph 


4-Pyridyl 


315 


22 


Ph 


Ph-4-a 


4-Pyridyl 
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15 


Ph-4-SMe 




4-Pyridyl 


361 


24 


Ph 




4-PvriHvl 




25 


Ph-4-F 


PK 


"^-PvTinvl 

j*"r yiiuyi 




26 


Ph-4-F 


Ph 


2-methyl-4- 
pyridyl 




27 


bk >i p 


Ph 


J~IIlCUIjr I-**- 

pvridvl 




28 


Ph-4-F 


Ph 


3,5-dimethyl-4- 




29 


Ph-4-F 


Ph 


3-quinolinyi 




30 


Ph-4-F 


Ph 


4-quinolinyl 




31 


rn-4-r 


Ph 


2-quinolinyi 




32 


Dh /I C 

r n-4^-r 


Ph 


2-pyriiTudinyl 




33 




Ph 


4-pvriinidinyl 




34 


rn-4-r 


Ph 


3-pyridazinyl 




35 


/I P 


Ph 


2-pyrazinyl 




36 


rn-4-r 


Ph 


2-pyrimidinyl 




37 


DK_A-P 

rn-*i-r 


Ph 


4-pyrimidinyl 




38 




Ph 


2-imida20-(4 5- 
b)-pyridinyl 




39 


Ph-4-F 


Ph 


7-imidazo-(4,3- 
bVpyridinyl 




M\ 
*fU 


Ph-4-F 


Ph 


4-Pyridyl 




41 


Ph-4-F 


Ph 


4-Pyridyl 




42 


Ph-4-CN 


Ph 


4-Pyridyl 




43 


Ph-2-OMc 


Ph 


4-PyTidyl 




44 


Ph-3-OMe 


Ph 


4-Pyridyl 




45 


Ph-4-OMe 


Ph 


4-Pyridyl 




46 


Ph-4-N02 


Ph 


4-Pyridyl 




47 


Ph-4-NMe2 


Ph 


4-Pyridyl 




48 


Ph-4-(4-N- 

COCH3)- 

piperazinyl 


Ph 


4-Pyridyl 




49 


Ph-4- 
morpholinyl 


Ph 


4-Pyridyl 




50 


Ph-2-(::i 


Ph 


4-Pyridyl 




51 


Ph-3-Cl 


Ph 


4-Pyridyi 





wo 97/16441 



PCTAJS96/17324 



-49- 



52 


Ph-4-CF3 


Ph 


4-PyridyI 


53 


Ph-4-S-Me 


Ph 


4-Pyridyl 


54 


Ph-4-S(0)-Mc 


Ph 


4-Pyridyl 


55 


(4-methyl)-2- 
thiophenyl 


Ph-4-F 


4-Pyridyl 


56 


(3-methyl)-2- 
iiiiopncnvi 


Ph-4-F 


4-Pyridyl 


Ji 


(4-bromo)-2- 
thiophenyl 


Ph-4-F 


^^PvriHv] 


58 


^S-nv*thvh-2- 

thiophenyl 


Ph-4-F 


4-Pyridyl 


59 


Ph-4-F-3-Cl 


Ph-4-F 


4-Pyridyl 


60 


2-benzoxazolyl 


Ph-4-F 


4-Pyridyl 


61 


2-benzofuranyl 


Ph^F 


4-Pyridyl 


62 


4- 

)-Ph 


Ph^F 


4-Pyridyl 


63 


4-(0(CH2)2N- 

pipCilUUiy 1 ^-r II 


Ph-4.F 


4-Pyridyl 


0*f 


Ph-4-F 


Ph-4-r] 


4-Pyridyl 




Ph-4-F 




4-PvnHvl 


OO 


Ph4.F 




A*PirriH vl 
*T-i y 1 1 


07 


IPh-4.F 




4-Pvridvl 


Do 


Ph-4.F 


Ph-S-CF*^ 


^-Pvriflvl 


69 


Ph-4-F 


Ph-4.S-Me 


4-Pyridyl 


/U 


Ph-4-F 




id-PvTiHvl 
*T I yi luy 1 


71 


Ph-4-F 


Ph-2-OBn 


4-Pyridyl 


72 


Ph^F 


Ph-4-BT 


4-Pyridyl 


73 


Ph-4-F 


Ph-2-OMe 


4-Pyridyl 


74 


Ph-4-*^ 


Ph-B-OMe 


4-Pyridyl 


75 


Ph-4-F 


Ph-4-OMe 


4-Pyridyl 


76 


Ph-4-F 


Ph-4-N02 


4-Pyridyl 


77 


Ph-4-F 


Ph-4-NMe2 


4-Pyridyl 


78 


Ph-4-J^ 


Ph^(4.N- 
COCH3)- 
piperazinyl 


4-Pyridyl 


79 


PH-4-ii 


t»h-4- 
morpholinyl 


4-Pyridyl 
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PREPARATIVE EXAMPLE RQ 




5 

To a solution of the compound of Preparative Example 3 
above (55.5 mg (0.15 mmol) in 2 ml of acetic acid and 1.4 ml of water 
was added potassium persulfate (50.0 mg (0.18 mmol). After stirring for 
1 .5 hours at room temperature, the solution was neutralized by addition 
10 of ammonium hydroxide solution. The solid product was recovered by 
filtration and purified by flash chromatography eluting with 5% CH2CI2 
to give the product. 

FAB ms: Calc: 376 for C22H17N2SOF; Obs.: 377 (M++1). 

15 

EXAMPLE I 




20 A mixture of ethyl 2-benzoyl-acetate (0.41 g (2.0 nunol), 

0.5 g ( 1 .44 mmol) of the product of Preparative Example 2 and 0.61 g 
(8 mmol) of ammonium acetate were heated in acetic acid at reflux until 
the benzoin was consumed. The reaction mixture was diluted with ethyl 
acetate and washed with water and brine and dried over MgS04. The 
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mixture was filtered and the filtrate was concentrated in vacuo and the 
residue was purified by chromatography over silica gel to give the 
desired product. H^-NMR (CDCI3, 300 MHz): 0.92 (t, 3H); 4.01 (q, 2H): 
6.94 (t, 2H); 7.12 (m, 4H); 7.41 (m, 4H); 7.61 (m, 2H); 8.10 (m, IH); 
5 9.20 (bs, IH). FAB ms:C24HI9N202F=386; Observed:387-(M+=:I). 

gXAMPl.E2 




A mixture of benzyl 2-benzoyl-acetate (2.0 mmol), 0.5 g 
(1.44 mmol) of the product of Preparative Example 2 and 0.61 g (8 
mmol) of ammonium acetate heated in acetic acid at reflux will provide 
the title compound after purification procedure stated in Example 2. 

15 

EXAMPLES 




20 A mixture of benzyl 2-(4-fluorophenyl)-3-(4-pyridyl)-5- 

phenyl-pyrroIe-4-carboxylate from Example 2 (LO mmol), 0.01 g of 10% 
Pd/C in 5 mL of EtOH will yield 2-(4-fluorophenyl)-3-(4-pyridyl)-5- 
phenyl-pyrrDle-4-carboxylic acid after treatment with 40 psi H2 followed 
by filtration. 



wo 97/16441 



PCT/US»dn7324 



-52- 



EXAMPI.p^ 




10 



15 



20 



A mixture of 2-(4-fluorophenyl)-3-(4-pyridyl)-5-pheny|. 
pyrrole-4-carboxylic acid from Example 2 (1.0 mmol), EDC. Hunigs 
base and dimethylamine hydrochloride in DMF were stirred at room 
temperature over night. The reaction mixture was diluted with water 

were washed with bnne, dned over MgS04. filtered and concentrated in 
vacuo. The residue was purified by chromatography. 

EXAMPT.FS 




A mixture of benzoylacetonitrile 0.5 g (3.4 mmol), 
i . 17 g (3.4 mmol) of the product of Example 2 and 1 .0 g (13.6 mmol) 
ammonium acetate were heated in acetic acid at reflux until the benzoin 
was consunied. TTie reaction mixnire was diluted with ethyl acetate and 
washed with water and brine and dried over MgS04. TTie mixture wTs 
filtered and the filtrate was concentrated in vacuo and the residue was 
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' purified by chromatography over silica gel eluting with 5% 
— ■ 'MeOH/CH2Cl2 to give the desired product: -■•^ ^- . v 

: Hl-NMR (CDC13, 300 MHz): 7.0 (t, 2H); 7.24 (m, 2H); 7.32-7.48 (m, 
5-^ : 5H); 7.74(bd,2H);8.42(bs, IH). FAB ms:G22Hi4N3F=339; - 
Observed:340:fM+=I): 



EXAMPU 6 



10 




The product of Preparative Example 1 3 is dissolved in 
methylene chloride and treated with 1.05 equivalents of n-propylsulfinyl 
chloride at OoG under nitrogen. After 30 minutes triethyl amine is added 

15 to neutralize the reaction mixture. The reaction mixture is diluted with 
ethyl acetate and washed with water and briiie and dried over MgS04. 
The mixture is filtered and the filtrate is concentrated in vacuo and the 
residue is purified by chromatography over silica gel to give the desired 
product. 

•20 -'t.- 

EXAMPLE 7 
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The product of Example 6 is reacted with 1.05 equivalents of 
meta-chloroperoxybenzoic acid in CH2CI2 at O^'C. The reaction mixture 
is stirred overnight at room temperature. The solution is diluted with 
EtOAc and washed with saturated sodium bicarbonate solution followed 
5 by brine. The solution is dried over MgSCM, filtered and concentrated in 
vacuo. The residue is purified by silica gel chromatography to produce 
the desired product. 

EXAMPLE S 




To 5 ml of DMF at room temperature under nitrogen is 
added 0.3 g (2 nmiol) of POCI3 dropwise. After 15 minutes a solution of 
0.37 g (0.86 mmol) of the product of Preparative Example 23 is added 

15 dropwise. The solution was warmed at 60^C until the starting material 
had been consumed. Hie reaction mixture was cooled to room 
temperature and then poured into ice water (20 ml). The mixture was 
made basic by addition of saturated sodium carbonate solution and then 
stirred in the presence of 20 ml of chloroform. The chloroform phase 

20 was seperated and the aqueous phase was extracted with chloroform (2 x 
10 ml). The combined organic phase is washed with water and brine and 
dried over MgS04. The mixture is filtered and the filtrate is concentrated 
in vacuo and the residue is purified by chromatography over silica gel to 
give the desired product. 
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EXAMPLE 9 




5 The product of Example 8 is dissovled in t-butyl alcohol 

and methyl 2- butene (6:1 ratio). The solution is then treated with L5 
eq of monobasic sodium phosphate and an aqueous solution of sodium 
chlorate. The reaction mixture is stirred at room temperature until the sm 
is consumed. The pH is adjusted to 5.5 with dilute HCl. The product is 
10 extracted with ethyl acetate and the combined organic phase is washed 
with water arid brine and dried over MgS04. The mixture is filtered and 
the filtrate is concentrated in vacuo to give the desired product. 

EXAMPLE 10 



15 




To 5 ml of N,N-dimethyl-butyramide at room temperature 
under nitrogen is added 0.3 g (2 mmol) of POCI3 dropwise. After 15 
minutes a solution of 0.37 g (0.86 mmol) of the product of Preparative 
20 Example 15 is added dropwise. The solution is warmed at 6O0C until the 
starting material is consumed. The reaction mixture is cooled to room 
temperature and then poured into ice water (20 ml). The mixture is made 
basic by addition of saturated sodium carbonate solution and then stirred 
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in the presence of 20 mL of chlorofonn. The chloroform phase is 
separated and the aqueous phase extracted with chlorofonn (2 x 10 ml). 
The combined organic phase is washed with water and brine and dried 
over MgS04. The mixture is filtered and the filtrate is concentrated in 
5 vacuo. The residue is purified by chromatography over silica gel to give 
the desired product. 

EXAMPLES 11 -sn 



Using the procedures set forth above, the compounds shown 
in Table II can be prepared. 



TABLE n 


H 


Example 




@-(R")b 


(R*)0-3-(h^ 


R2 


11 


Ph-4-F 


Ph-4-OMe 


4-pyridvl 


C(0)Me 


12 


Ph-4-F 


Ph-2,5-OMe 


4-pyridvl 


C(0)Me 


13 


Ph-4-F 


Ph-4-Br 


4-pyridyI 


C(0)Propvl 


14 


Ph-4-F 


Ph-4-Cl 


4-pyridvl 


C(0)Ethvl 


15 


Ph-4-F 


Ph-4-OMe 


2-pyridvl 


C(0)Me 


16 


Ph-4-F 


Ph-4-Br 


2-pyridyl 


C(0)Me 


17 


Ph-4-F 


Ph-2,5-OMe 


2-pyridvl 


CrO)Me 


18 


Ph 


Ph-4-OMe 


4-pyridvl 


C(0)Me 


19 


Ph 


Ph-4-Cl 


4-pyridvl 


CCO)Me 


20 


Ph 


Ph-2,5-OMe 


4-pyridvl 


aO)Me 


21 


Ph 


Ph-4-F 


4-pyridyl 


CfO)Me 
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00 
LL 




PVi 


H—pynayi 




23 


Ph-4-F 


Ph-4-SMe 


4-pyridyl 


C(0)Me 


24 


Ph-4-SMe 


Ph 


3-niethyl-4- 
pyridyl 


C(0)Me 


25 


Ph-4-F 


Ph-4-SMe 


j-nietnyi-4- 
Dvridvl 


.CN ■ 


26 


Ph-4-F 


Ph-4- 

S(0)Me 


3-methvl-4- 
pyridyl 


CN 


27 


Ph-3-Cl 


Ph-4-CI 


4wiiiino1vl 


CN 


28 


Ph-4-F 


Ph-4-Cl 


2-niediyl-4- 
pyridyl 


CN 


29 


Ph 


Ph-4-F 


3,5- 
dimethyM- 

py 1 iuy 1 


CN 


30 


Ph 


Ph^-F 


3-quinolinyl 


CN 




Pli 

rll 


Ph'4-F 


4-c|uinoiiiiyi 




32 


Ph 


Ph.4-F 


2-quinolinyl 


CN 




rn 


Ph-4-F 

Jl AA I A 


pyrimidinyl 




34 


Ph 


Ph-4-F 


4- 

pyrimidinyl 


CN 


35 


Ph 


Ph-4-F 


3-pyridazinyl 


CN 


36 


Ph 


DVi A C 

rn-4-r 


2-pyrazinyl 


CN 


37 


Ph 


Ph 4 P 


py mni amy 1 


CN 


38 


Ph 


Ph-4-F 


4- 

pyrimidinyl 


CN 


39 


Ph 


Ph-4-F 


2-imidazo- 
(4,5-b)- 
pyridinyl 


CN 


40 


Ph 


Ph-4-F 


7-imida20- 
(4,3-b)- 
pyridinyl 


CN 


41 


Ph 


Ph-4-F 


4-pyridvl 


COMe 


42 


Ph 


Ph-4-F 


4-pyridyI 


S02Me 
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43 


Ph 


Ph-4-CN 


4-pyridyl 


COMe 


44 


Ph 


Ph.2-0Me 


4-pyridyl 


COMe 


45 


Ph 


Ph-3-OMe 


4-pyridyl 


CN 


46 


Ph 


Ph-4-OMe 


4-pyridyl 


C02Et 


47 


Ph 


Ph-4-N02 


4-pyridyl 


CN 


48 


Ph 


Ph-4-N>.4e2 


4-pyriuyl 


CN 




rn 


Ph-4-(4-N- 
COCH3)- 
DiDcrazinvl 


4-pynayi 




50 


Ph 


morpholinyl 


4-pyridyl 


CN 


51 


jyu. 
rn 


Ph-2-CI 


4-pyridyl 


UN 


52 


Ph 


Ph-3-CI 


4-pyridyl 


COMe 


53 


Ph 


Ph-4-CF3 


4-pyridyl 


S02Me 


54 


Ph 


Ph-4-S-Me 


4-pyridyl 


CN 


ce 
DD 


Ph 
TO 


Ph-4-S(0)- 
Me 






56 


Ph-4-F 


(4-methyl)- 
2-thiophenyl 


4-pyridyI 


CN 


57 


Ph-4-F 


(3-methyl)- 
2- 

thiophenyl 


4-pyridyI 


COMe 


58 


Ph-4-F 


(4-bromo)-2- 
thiophenyl 


4-pyridyl 


S02Me 


59 


Ph-4-F 


(5-methyl)- 
2- 

thiophenyl 


4-pyridyl 


CN 


60 


Ph-4-F 


Ph-4-F-3-Cl 


4-pyridyl 


CN 


61 


Ph-4-F 


2- 

benzoxazolyl 


4-pyridyl 


CN 


62 


Ph-4-F 


2- 

benzofuranyl 


4-pyridyl 


CN 


63 


Ph-4-F 


4- 

(0(CH2)3N 

Me2)-Ph 


4-pyridyl 


CN 
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64 


Ph-4-F 


4- 

(0(CH2)2N- 
piperidinyl)- 
Ph 


4-pyridyl 


CN 

• ■ *' " 


65 


Pn-4-Ci 


Ph-4-F 


4-pyridyl 


LIN 


66 


Pn-J-CI 


Ph-4-F 


4-pyridyl 


LIN 


0/ 


Ph-2-Cl 


rli-4-r 


4-pyridyl 




68 


Pn-3,4-Cl 




4-pyridy| 


CIS 


69 




Ph-d-F 

I il'"*r-r^ 


4-pyridyl 


CN 


70 


Pn-4o-Me 


Ph.4-F 
A 11 ~ 1 


4-pyridyl 


/"•XT 

L.N 


71 


Ph-4-S(0)- 
Me 


Ph-4-F 


4-pyridyl 


CN 


72 


Ph-2-OBn 


rn-4-r 


4-pyridyl 


CN 


73 


Ph-4-Br 


Ph-4-F 


4-pyridyI 


CN 


74 


Ph-2-OMe 


Ph^-F 


4-pyridyl 


CN 


75 


Ph-3-OMe 


Ph-4-F 


4-pyridvl 


CN 


76 


Ph-4-OMe 


Ph-4.F 


4-pyridyl 


CN 


77 


Ph-4-N02 


Ph-4-F 


4-pyridyl 


CN 


787 


Ph^-NMe2 


Ph-4-F 


4-pyridyl 


CN 


79 


Ph.4-(4-N- 
C0CH3)- 
piperazinyl 


Ph-4.F 


4-pyridyl 


CN 


80 


Ph-4- 
morpholinyl 


Ph-4-F 


4-pyridyl 


CN 



BIOLOniCAL ASSAYS 

The ability of compounds of the present invention to inhibit the 
synthesis or the activity of cytokines were determined by the following 
5 in vitro assays. 

Lipopolvsaccharide mediated production of cytokines 

Human peripheral blood mononuclear cells (PBMC) are isolated 
from fresh human blood according to the procedure of Chin and Kosnira, 
10 JJmmunoL 151,5574-5585(1993). Whole blood is collected by sterile 
venipuncture into 60 mL syringes coated with 1.0 mL of sodium- heparin 
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(Upjohn, 1000 U/mL) and diluted 1:1 in Hanks Balanced Salt Solution 
(Gibco). The eiythrocytes are separated from the PBMC's by centri- 
fugation on a Ficoll-Hypaque lymphocyte separation media. Hie 
PBMC's are washed three times in Hanks Balanced Sak Solution and 
5 then resuspended to a final concentration of 2 x 10^ cell/mL in RPMI 
containing 10% fresh autologous human senun, penicillin streptomycin 
(10 U/mL) and 0.05% DMSO. Lipopolysaccharide (Salmonella type 
Re545; Sigma Chemicals) is added to the cells to a final concentration of 
100 ng/mL. An aliquot (0.1 mL) of the cells is quickly dispensed into 
10 each well of a 96 well plate containing 0.1 mL of the test compound, at 
the appropriate dilution, and are incubated for 24 hours, at 37°C in 5% 
C02 . At the end of the culture period, cell culture supematants are 
assayed for IL-ip , TNF-a, IL-6 and PGE2 production using specific 
ELISA. 

15 

IL-1 mediated cytokine production 

Human peripheral blood mononuclear cells are isolated from 
fresh human blood according to the procedure of Chin and Kosnira, 
J.Immunol. 151,5574-5585(1993). Whole blood is collected by sterile 

20 venipuncftire into 60 mL syringes coated with 1 .0 mL of sodium- heparin 
(Upjohn, 1000 U/mL) and diluted 1:1 in Hanks Balanced Salt Solution 
(Gibco). The erythrocytes are separated from the PBMC's by 
centrifugation on a Ficoll-Hypaque lymphocyte separation media. The 
PBMC's are washed three times in Hanks Balanced Salt Solution and 

25 then resuspended to a final concentration of 2 x 10^ cell/mL in RPMI 
containing 10% fresh autologous human seram, penicillin streptomycin 
(10 U/mL) and 0.05% DMSO. Endotoxin free recombinant human IL-lp 
is then added to a final concentration of 50 pMolar. An aliquot (0.1 mL) 
of the cells is quickly dispensed into each well of a 96 well plate 

30 containing 0. 1 mL of the compound at the appropriate dilution, and are 
incubated for 24 hours, at 37°C in 5% C02 • At the end of the culnire 
period, cell culhire supematants are assayed for TNF-a, IL-6 and PGE2 
synthesis using specific ELISA. 
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Determination of IL-lp . TNF-«. IL-6 and p rostanoid production from 
LPS or IL-1 stimulated PBMC^s ' r:- \ ^^ 

5 Human IL-lp can be detected in cell-cMturesupemataritsbr^^ 

whole blood with the following specific trapping ELISA. Ninety-six well 
plastic plates (bnmulon 4; Dynatech) are coated for 12 hours at 4°C with 
1 mg/mL protein-A affinity chromatography purified mouse anti-human 
IL-lb monoclonal antibody (purchased as an ascites preparation from 
10 LAO Enterprise, Gaithersburg Maryland.) diluted in Dulbecco's 

phosphate-buffered saline (-MgCl2, -CaCl2). The plates are washed with 

PBS-Tween (Kirkegaard and Perry) then blocked with 1% BSA diluent 
and blocking solution (Kiilcegaard and Perry) for 60 minutes at room 
temperature followed by washing with PBS Tween. IL-ip standards are 

15 prepared from purified recombinant IL-ip produced froih E. colL The 
highest concentration begins at 10 ng/mL followed by 1 1 two-fold serial 
dilutions. For detection of IL- 1 P from cell culture superriatants or blood 
plasma, 10 - 25 mL of supernatant is added tb each test well with 75 - 
90 mL of PBS Tween. Samples are incubated at h)om bmpesrature f^^ 2 

20 hours then washed 6 times with PBS Tween on an automated plate 
washer (Dennly). Rabbit anti-human IL-lp polyclonal antisera diluted 
1 :500 in PBS-Tween is added to the plate and incubated for i hour at 
room temperature followed by six washes with PBS-Tween. Detection 
of bound rabbit anti-IL-1 p IgG is accomplished with Fab* fragments of 

25 Goat anti-rabbit IgG-horseradish peroxidase conjugate (Accurate 
Scientific) diluted 1:10,000 in PBS-Tween. Peroxidase activity was 
determined using TMB peroxidase substrate kit (Kirkegaard and Perry) 
with quantitation of color intensity on a 96-well plate Molecular Devices 
spectrophotometer set to determine absorbance at 450 riM. Samples are 

30 evaluated using a standard curve of absorbance versus concentration. 
Four-parameter logistics analysis generally is used to fit data and obtain 
concentrations of unknown compounds. 
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15 



20 



25 



30 



TNF-«EI.ISA 

Immulon4 (Dynatech) 96-well plastic plates are coated with a 0 5 
mg/mL solution of mouse anti.huinanTNF.a monoclonal antibody The 
secondary antibody is a 1 :2500 dilution of a rabbit anti-human TNF-a 
5 polyclonal serum purchased from Genzyme. All other-operations are 

Tot'"" '^'''"'"'^ ^-'t'- The standanis are prepared 

mPBS-Tween-. IO%FBSorHS. Eleven 2 fold dilutions are made 
begmnmg at 20 ng/mL TNF-a. 

10 IL.6ETJSA 

Uvels of secreted human IL-6 are also determined by specific 
trapping ELISA as described previously in Chin and Kostura. J 
Immunol. 151,5574-5585(1993). (Dynatech) ELISA plates are coated 
with mouse anti-human IL-6 monoclonal antibody diluted to 0 5 mg/ml 
m PBS. TTie secondary antibody, a rabbit anti-human IL-6 polyclonal 
antiserum, is diluted 1 :5000 with PBS-Tween. All other operations are 

''"'""^ ^-^P- 'The st^dards are prepared 

ui PBS-Tween + 10% FBS or HS. Eleven 2 fold dilutions are made 
beginning at 50 ng/mL IL-6. 

PGE9 prn<;<iirHnn 

Prostaglandin E2 is detected in cell culture supematants from LPS 
or IL-1 stimulated PBMC's using a commercially available enzyme 
immunoassay. The assay purchased from the Cayman Chemical 
(Catalogue number 514010) and is run exactly according to the 
manufacturers instructions. 

InterleulcinSfn , .«) 

The present compounds can also be assayed for IL-8 
mhibitory activity as discussed below. Primary human umbilical coirf 
endothelial cells (HUVEC) (Cell Systems, Kirland, Wa) are maintained 
nct^!^J^ supplemented with 15% fetal bovine serum and 1% 
CS-HBGF consisting of aFGF and heparin. THe cells are then diluted 20- 
fold before bemg plated (250 ^1) into gelatin coated 96-well plates Prior 
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to use, culture medium is replaced with fresh medium (200|il): Buffer or 
test compound (25^1, at appropriate concentrations) is then added to each 
well in quadrupHcate wells and the plates inciibated for 6h in a 
humidified incubator at 37X in an atmosphere of 5% C02. At the end of 
5 the incubation period, supernatant is removed and assayed for BL-S .t- 
concentration using an IL-8 ELISA kit obtained from R&D Systems 
(Minneapolis, MN). All data is presented as mean value (ng/ml) of 
multiple samples based on the standard curve. IC50 values where 
appropriate are generated by non-linear regression analysis. 
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vyHAT^'^^^ AIMED IS: 

1 , A compound of the formula: 

- (R")0.3— (hAT^ ^r2 




(R')a- 

5 

or a pharmaceutically acceptable salt thereof, 
wherein: 



10 

G) 

represents a 5-10 memberedaiyl group 




represent a 5- 10 membered aryl or heteroaryl group; 

15 a and b represents integers, 0, 1 , 2 or 3, such that the sum of a plus b is 1 , 
2, 3 or 4; 

represents a heteroaryl group containing from 5 to 10 
atoms, 1 -4 of which are heteroatoms, 0-3 of which heteroatoms are N and 
0-1 of which are O or S. said heteroaryl group being unsubstituted or 
20 substiftited with 1 -3 groups; 

each independently represents a member selected from 
the group consisting of: halo; CN, N02. R21. 0R23. SR23. S(0)R21, 
S02R21 NR20r23, NR20cOR21, NR20cO2R21. NR20cONR20r23, 
25 NR20SO2R21, NR20C(NR20)NHR23, C02R23, CONR20r23, 
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SO2NR20r23, SO2NR20cor21, SO2NR20cONR20r23, 
SO2NR20cO2R21 , OCONR20r23, OCONR20sQ2R20, ^ 
C(0)OCH20C(0)R20, C(lSfR20)NR20R23, C(0)NR20s02R2I and 

tetrazol-5-y]; 

Rl is selected from the group consisting of: H, Ci-15 alky I, 
C3.15 alkenyl, C3.15 alkynyl, aryl and heterocyclyl, said alkyl, alkeiiyl, 
aikynyl, aryl and heterocyclyl being optionally substituted with from one 
to three members selected from the group consisting of: aryl, heteroaryl, 
10 heterocyclyl, OR20, SR20, N(R20)2, S(0)R21, SO2R21, SO2NR20R23, 
SO2NR20COR21, SO2NR20CONR20R23, NR20COR21, NR2OCO2R21, 
NR20CONR20R23, N(R20)C(NR20)NHR20, CO2R2O, CON(R20)2, 
CONR20SO2R21, NR2OSO2R21, SO2NR2OCO2R21, OCONR20R23, 
OCONR20SO2R21 . C(O)OCH2OC(O)R20 and OCONR20R23; 

15 

R2 is selected from the group consisting of: CN, S(0)R21, 
SO2R21, SO2N(R20)2, SO2NR20COR21, S02NR20CON(R20)2, COR20, 
CO2R2O, CONR20R23, CONR20SO2R21 arid SO2NR2OCO2R2I; 

20 R20 represents a member selected from the group consisting 

of: Ci-15 alkyl, C3-15 alkenyl, C3-15 aikynyl, heterocyclyl, aryl and 
heteroaryl, said alkyl, alkenyl and aikynyl being optionally substituted 
with 1-3 groups selected from halo, aryl and heteroaryl; 

25 R21 represents a member selected from the group consisting 

of: Cms alkyl, C3-15 alkenyl, C3-15 aikynyl, heterocyclyl, aryl and 
heteroaryl, said alkyl, alkenyl and aikynyl being optionally interrupted by 
1-2 heteroatoms selected from O, S, S(0), SO2 and NR20, said alkyl, 
alkenyl, aikynyl, heterocyclyl, aryl and heteroaryl being optionally 

30 substituted with from 1-3 of halo, heterocyclyl, aryl, heteroaryl, CN, 
OR20, C(O)R20, O((CH2)nO)mR20, NR20(.(CH2)nO)niR20 wherein n 
represents an integer of from 2 to 4, and m represents an integer of from 1 
to 3; SR20, N(R20)2, S(0)R22, SO2R22, SO2N(R20)2, SO2NR20COR22, 
SO2NR20CON(R20)2, NR20COR22, NR20CO2R22, NR20CON(R20)2, 
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NR22C(NR22)NHR22, CO2R2O. CON(R20)2, CONR20SO2R22 
NR20SO2R22, SO2NR20CO2R22, OCONfR20sO2R22 OC(0)R20 
C(0)OCH20C(0)R20 , OC(O)NR20r23 and OCON(R20)2; ' 

5 R22 is selected from the group consisting of: Ci-15 alkyl 

C3-15 alkenyl, C3-15 alkynyl, heterocyclyl, aryl and heteroaryl, said alkyl 
alkeny 1, and alkynyl being optionally substituted with I -3 halo, aryl or 
heteroaryl groups; 

'0 R23isR21orH; 

R24 is selected from C0R22, C02R22, CON(R20)2 
SO2R22 and r23; 

u r.on ^^"""'°"^'8ro"P when two R20 groups are present, 

when R20 and R2 1 are present, or when R20 and R23 are present, said 
two R20 groups. R20 and R21 or said R20 and R23 may be taken in 
combmation with the atoms to which they are attached and any 
mteivening atoms and represent heterocyclyl containing from 5-10 
20 atoms, at least one atom of which is a heteroatom selected from O S or 
N, said hetercyclyl optionally containing 1-3 additional N atoms and 0-1 
additional O or S atom. 

2. A compound in accordance with claim 1 wherein Arl 
25 represents a phenyl or naphthyl group; 

and Ar2 is selected from the group consisting of: 

a) phenyl, 

b) pyridyl, 

c) pyrimidinyl, 

d) thiophenyl, 

e) furanyl, 

f) imidazolyl. 

g) thiazolyl. 
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h) isothiazolyl, 

: ' : j) isoxazolyland - 

k) napthyl. 

3- A compound in accordance with claim 1 wherein HAr 
is selected from the group consisting of: 

a) pyridyl, 

b) quinolyl, 
10 c) purinyl, 

d) imidazolyl, 

e) imidazopyridine and 
0 pyrimidinyl. 

15 4. A compound in accordance with claim 1 wherein R' 

represents hydrogen. 

' 5: A compound in accordance with claim 1 wherein Rl^ 
represents substituted or uhsubstituted Ci-js alkyl 

20 / \ ; ' • - 

6. A compound in accordance with claim 1 wherein R2 
represents a member selected from the group consisting of: 

a) CN; 

b) C(0)Ci.6 alkyl; 

25 c) C(0)C 1-6 alky Iphenyl; 

d) CO2H; 

e) CO2C1.6 alkyl 

f) C02Ci.6alkylphenyl; 

g) CONH2; 

30 h) CONHC 1-6 alkyl; 

i) C(0)N(Ci.6alkyI)2; 
j) SO2NH2; 

k) SO2NHC1-6 alkyl and 
1) S02N(Ci.6alkyI)2. 
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7. A compound in accordance with claim 2 wherein Ar^ 
represents phenyl or naphthyl; Ar^ is selected from the group consisting 
of: 

5 — 

a) phenyl, 

b) pyridyl, 

c) pyrimidinyl, 

d) thiophenyl. 
10 e) furanyl, 

0 imidazolyl, 

g) thiazolyl, 

h) isothiazolyl, 

i) oxazolyl, 

15 j) isoxazolyl and 

k) napthyi; 

one, two or three groups are present, and each is 
independently selected from the group consisting of: halo, R21 , OR23, 
20 NR20R23, C02R23, CONR20R23, SO2R21 and S(0)R21; 

HAr is selected from the group consisting of: 

a) pyridyl, 
25 b) quinolyl, 

c) purinyl, 

d) imidazolyl, 

e) imidazopjrridine and 

f) pyrimidinyl; 



30 

RUs: 



a) H or 

b) substituted or unsubstitutedCi.6alkyl; and 
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and r2 is selected from the group consisting of: 



e) C02Ci-6alkyl; 

f) CO2C 1-6 alky Iphenyl; 

g) CONH2; 

h) CONHCi-ealkyl; 

i) C(0)N(Ci.6alkyl)2; 
j) SO2NH2; 

k) SO2NHC 1-6 alky land 
1) S02N(Ci-6alkyl)2. 

8. A compound in accordance with claim 1 wherein: 



is selected from the group consisting of: 

a) phenyl, 

b) 4-fluorophenyI, 

c) 4-Chlorophenyl, 

d) 3-fluorophenyl, 

e) 3-chlorophenyl, 

f) 3-methyl phenyl, 

g) 3,4 dichlorophenyl, and 

h) 3-hydroxyphenyl; 



is selected from the group consisting of: 



a) CN; 

b) C(0)Ci-6alkyl; 

c) C(0)C 1-6 alky Iphenyl; 



— d) CO2H; 






a) 4-methylthiophenyl, 

b) 4-ethylthiophenyl, 
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c) 3-methylthiophenyl, 

d) 2-methykhiophenyl, 

e) 3-ethylthiophenyI, 

f) 4-methylsuifonyiphenyl, 
5 g) 4-ethylsulfonyIphenyl, 

h) 3-methylsulfonyIphenyI, 

i) 2-methylsulfonylphenyI, 
j) 4-methylsulfinylphenyl, 
k) 4-ethylsulfonylphenyl, 

10 1) 3-methylsulfinylphenyl, 

m) 4-(N-methyl-N-beiizyl)ammoinethylphenyl, 

n) 3-(N-methyl-N-ben2yl)aniinoinethylphenyI, 

o) 4-methoxyphenyI, 

p) 4-hydroxyphenyl, 
15 q) 3-methoxyphenyl, 

r) 2-benzyloxyphenyl, 

s) 4-methylthiophen-2-yI, 

t) 4-methylthiophen-3-yl, 

u) 4-acetylarainophenyl, and 
20 v) 2-pyrimidinyl; 




with the proviso that when """^ represents a), 

represents one of a) through u); and when 
represents v), represents one of b) 

through h); 

25 

(R')o.3-£HAr) 

is selected from the group consisting of: 
a) 4-pyridyl, 
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b) 4-(2-methylpyridyl), 

c) 4-(2-aminopyridyl), • - - . i" . 

d) 4-(2-methoxypyridyl)/ - - 'J'H" • - - 

e) 4-quinoIyl, 

L. 5 f) 4-pyriinidinyI, " - ...i- 

g) 9-purinyl, ^ 

h) 7-(iraidazo[4,5-b]pyridinyl), and 

i) 4-(3-methylpyridyl); 

10 RlisH;and 

R2 is selected from the group consisting of: 

a) CN; 

b) C(0)Ci.6aIkyl; 

15 c) C(0)Ci.6alkylphenyl; 

d) CO2H; 

e) C02Ci-6alkyl 

f) C02Ci-6alkylphenyl; - '~ - 

g) CONH2; 

20 h) C0NHCi-6aIkyl; 

i) C(0)N(Ci.6alkyl)2: 
j) SO2NH2; 

k) SO2NHC 1-6 alky land 
1) S02N(Ci-6 alkyl)2. 

25 ■ ■ 

9. A compound in accordance with claim 1 wherein: 



(R')a 

is selected from the group consisting of 

a) phenyl, 

b) 4-fluorophenyl, 
30 c) 4-chlorophenyl, 

d) 3-fluorophenyl, 

e) 3-chlorophenyl, 
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f) thiophen-2-yl, 

g) thiophen-3-yl, 

h) 4-fluorothiophen-2-yl, 

i) 4-fluorothiophen-3-yl, 
_ j) 5-fluorothiophen-2-yl, 

k) 5-fluorothiophen-3-yl, 
1) 4-chlorothiophen-2-yl, 
m) 4-chlorothiophen":3-yl, 
n) 5-chlorothiophen-2-yI, 

0) 5-chlorothiophen-3-yl, 
p) 3-methyl phenyl, 

q) 3,4 dichlorophenyU and 
r) 3-hydroxyphenyl; 

is selected from the group consisting of: 

a) 4-methylthiophenyl, 

b) 4-ethylthiophenyI, 

c) 3-inethylthibphenyl, 

d) 2-inethylthiophenyl, 

e) 3-ethylthiophenyl, 

f) 4-methylsulfonylphenyl, 

g) 4-ethylsulfonylphenyl, 

h) 3-methylsulfonylphenyl, 

1) 2-methylsulfonylphenyl, 
j) 4-methylsulfinylphenyl, 
k) 4-ethylsulfonylphenyl, 
1) 3-methylsulfinylphenyl. 

m) 4-(N-methyl-N-benzyl)aminomethylphenyl, 
n) 3-(N-methyl-N-benzyl)aminomethylphenyl, 
o) 4-methoxyphenyl, 
p) 4-hydroxyphenyi, 
q) 3-methoxyphenyl, 
r) 2-benzyloxyphenyl, 
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s) 4-methylthiophen-2-yl, 
t) 4-methylthiophen-3-yl, 
u) 4-acetylaminophenyI, and 
v) 2-pyrimidinyl; 



(R")a- 



with the proviso that when — represents a), 

U\rA-{R% 

represents one of a) through u); and when 

(AA-(R^)b {B\—Cfi^ 

represents v), — represents one of b) 

through h); 

10 ; is selected from the group consisting of: 

a) 4-pyridyl, 

b) 4-(2-niethyIpyridyl), 

c) 4-(2-aminopyridyl), 

d) 4-(2-methoxypyridyi), 
15 e) 4-quinolyl, 

f) 4-pyrimidinyl, 

g) 9-purinyI, 

h) 7-(imidazo[4,5-b]pyridinyi) and 

i) 4-(3-methylpyridyl); 



is substituted or unsubstituted Cms alky 1; and 



r2 is selected from the group consisting of: 
a) CN; 

25 b) C(0)Ci.6aikyl; 

c) C(0)Ci,6alkylphenyl; 

d) CO2H; 
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e) C02Ci-6alkyl; 

f) C02Ci.6alkylphenyl; 

g) CONH2: 

h) CONHCi^ alkyi; 

5 i) C(0)N(Ci.6alkyl)2: 

j) SO2NH2; 

k) S02NHCi-6alkyland 
I) S02N(Ci-6alkyl)2. 

0 10. A compound in accordance with claim 1 represented 

by the formula: 
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^— < S-Pr 


H \i?^SM8 


^ H V^sMe 


^ H ^ . 



11. A compound in accordance with claim 1 selected from 

Table II: 



TABLED 












H 








(RV3-(^ 


R2 


Ph-4-F 


Ph-4-OMe 


4-pyridyl 


C(0)Me 


Ph-4-F 


Ph-2,5-OMe 


4-pyridyl 


C(0)Me 


Ph-4-F 


Ph-4-Br 


4-pyridyl 


C(0)Propyl 


Ph-4-F 


Ph-4.CI 


4-pyridyl- 


C(0)Ethyl 


Ph-4-F 


Ph-4-OMe 


2-pyridyl 


C(0)Me 


Ph-4-F 


Ph-4-Br 


2-pyridyI 


C(0)Me 
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Ph-4.F 


Ph.2,5-OMe 


2-pyridYl 


C(0)Me 


Ph 


Ph-4-OMe 


4-pyridvl 


C(0)Me 


Ph 


Ph-4-Cl 


4-pyridvl 


C(0)Me 


Ph 


Ph-2,5-OMe 


4-pyridyl 


CCO)Me 


Ph 


Ph-4-F 


4-pyridvI 


C(0)Me 


PIi-4-CI 


Ph 


4-pviidyi 


C(0)Me 


Ph-4-F 


Ph-4-SMe 


4-pyridvl 


C(0)Me 


Ph-4-SMe 


Ph 


3-inethyl-4- 

nvriHvl 


C(0)Me 


Ph-4-F 


Ph-4-SMe 


3-raethyl-4- 
pyridyl 




Ph-4-F 


Ph-4- 
S(0)Me 


3-methyl-4- 
pyridvl 


CN 


Ph-3-CI 


Ph-4-CI 


4-quinolyl 


CN 


Ph-4-F 


Ph-4-Cl 


2-methyI-4- 
pyridvl 


CN 


Ph 


Jrn-4-r 


3,5- 
diinethvI-4- 
pyridvl 


CN 


Ph 


Ph-4-F 


3-quinolinvl 


CN 


Ph 


Ph-4-F 


4-quinolinvl 


CN 


Ph 


Ph-4-F 


2-quinolinvl 


CN 


Ph 


Ph-4-F 


2- 

pyrimidinyl 


CN 


Ph 


Ph-4-F 


4- 

n\7n mi i^iMxrl 

\jyi Jiiijuinyi 


CN 


Ph 


Ph-4-F 


3-pyridazinyl 


CN 


Ph 


Ph-4-F 


2-pyrazinyl 


CN 


Ph 


Ph-4-F 


2- 

pyrimidinyl 


CN 


Ph 


Ph-4-F 


4- 

pyrimidinyl 


CN 


Ph 


Ph-4-F 


2-imidazo- 
(4,5-b)- 
pyridinvl 


CN 
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Ph 


Ph-4-F 


7-imiciazo- 
(43-b)- 
pyridinyl 


CN 

' • . ...V* 


Ph 


Ph-4-F 


4-pyridyl 


COMe 


Ph _ 


Ph-4-F 


4-pyridyl 




Ph 


Ph-4-C3^ 


4-Dvridvl 


COMe 


Ph 


Ph-2-OMe 


4-pvridvl 


COMe 


Ph 


Ph-3-OMe 


4-Dvridvl 


CN 


Ph 


Ph-4-OMe 


4-Dvridvl 


C02Et 


Ph 


Ph-4-N02 


4»Dvridvl 


CN 


Ph 


Ph-4-NMe2 


4-pyridyl 


CN 


Ph 


COCH3)- 
pipcrazinyi 


4-pyndyl 


CN 


Ph 


Ph-4- 
morphoiinyl 


4-pyridyl 


CN 


Ph 


TIL. /^l 

Pn-2-Cl 


4-pyridyl 


CN 


Ph 


Ph-3-Cl 


4-pyridyl 


COMe... 


Ph 


Ph-4-CF3 


4-pyridvl 


S02Me 


Ph 


Ph-4-S-Me 


4-pyridyl 


CN 


Ph 


Me 


4-pyridyl 


CN 


Ph-4-F 


(4-methyl)- 
2-thiophenyl 


4-pyridyl 


- CN 


Ph-4-F 


(3-methyl)- 

.2- 
thiophenyl 


4-pyridyl 


COMe 


Ph-4.F 


(4-bromo)-2- 
thiophenyl 


4-pyridyI 


S02Me 


Ph-4-F 


(5-niethyl)- 
2- 

thiophenyl 


4-pyridyl 


CN 


Ph-4-F 


Ph-4-F-3-Cl 


4.pyridvl 


CN 


Ph^F 


2- 

benzoxazolyl 


4-pyridyl 


CN 


Ph-4-F 


2- 

benzofuranyl 


4-pyridyl 


CN 



wo 97/16441 



PCT/US96/17324 



-78- 



Ph-4-F 


4- 

(0(CH2)3N 
Me2)-Ph 


4-pyridyl 


CN 


Ph-4-F 


4- 

(0(CH2)2N- 
piperidinyl)- 

Pk 

rU 


4-pyridyl 


CN 


nn-*f-\^i 


Ph-4-F 


*f-pynuyi 




ST n'O-y^i 


Ph-4-F 


pynuyi 




Ph-9-Pl 


Ph-4-F 


*f-"Pynuyi 




Ph 'I A C] 


Ph-4-F 


'f-pynayi 






Ph-4-F 


*f-pynayi 




J il-*f-0-lVlc 


Ph-4-F 


4-pynQyj 




Ph-4-S(0)- 
Me 


Ph-4-F 


4-pyridyl 


CN 


Pn-2-OBn 


Ph-4-P 


4-pyndyI 


CN 


Ph-4-Br 


Ph-4-F 


4-pyridyl 


CN 


Ph-2-OMe 


Ph-4-F 


4-pyridyl 


CN 


Ph-3-OMe 


Ph-4-F 


4-pyridyI 


CN 


Ph-4-OMe 


Ph-4-F 


4-pyridyl 


CN 


Ph-4-N02 


Ph-4-F 


4-pyridyl 


CN 


Ph-4-NMe2 


Ph-4-F 


4-pyridyI 


CN 


Ph-4-(4-N- 
C0CH3)- 
piperazinyl 


Ph-4-F 


4-pyridyl 


CN 


Ph-4- 
morpholinyl 


Ph-4-F 


4-pyridyi 


CN 



12. A method of treating a cytokine mediated disease in a 
mammalian patient in need of such treatment, which comprises 
administering to said patient an amount of a compound of claim 1 which 

5 is effective for treating said cytokine mediated disease. 

1 3. The method according to claim 1 2 wherein the 
cytokine inhibited is DL-l . 
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^ - ^ 14. The method according to claim 1 2 wherein the * 

cytokine inhibited is TNF. 

5 15. Themethodaccordingtoclaim 12 wherein the - 

cytokine inhibited is IL-8. 

16. The method according to claim 12 wherein the 
cytokine mediated disease is septic shock, endotoxic shock, gram 

10 negative sepsis or toxic shock syndrome. 

17. The method according to claim 12 wherein the 
cytokine mediated disease is bone resorption diseases, graft versus host 
reaction, atherosclerosis, arthritis, osteoarthritis, rheumatoid arthritis, 

1 S gout, psoriasis, or topical inflammatory disease states. 

18. The method according to claim 12 wherein the 
cytokine mediated disease is adult respiratory distress syndrome, asthma, 
or chronic pulonary inflammatory disease. 

20 

1 9. The method according to claim 1 2 wherein the 
cytokine mediated disease is cardiac and renal reperfiision injury, 
thrombosis or glomemlonephritis. 

25 20. Themethodaccordingtoclaim 12 wherein the 

cytokine mediated disease is Crohn's disease, ulcerative colitis, or 
inflammatory bowel disease. 

21. The method according to claim 12 wherein the 
30 cytokine mediated disease is cachexia. 

22. The method according to claim 1 2 wherein the 
cytokine mediated disease is a viral infection. 
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23. A method of treating inflammation in a mammalian 
patient in need of such treatment which comprises administering to said 
patient an amount of a compound of claim 1 which is effective for 
treating inflammation. 

5 

24. A pharmaceutical composition which comprises a 
compound according to claim 1 in combination with a pharmaceutically 
acceptable carrier. 
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